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IES of the cardiovascular system in spontan- 

eous myxedema have demonstrated an increased 
size of the cardiac silhouette, diminished force of 
cardiac contraction, decreased cardiac output and 
velocity of blood flow, diminished plasma and total 


blood volumes and lowered voltage of the electro- 


cardiogram.'** There is considerable difference 
of opinion regarding the clinical significance of these 
changes; in most cases, cardiac function remains 
adequate. The “myxedema heart” in the sense 
of a condition precipitating congestive heart failure, 
as described by Zondek*® and Fahr,“ occurs rarely. 
The early effects of hypothyroidism, induced 
by surgical total thyroidectomy, on the size of the 
heart and pattern of the electrocardiogram have 
previously been described.“ The recent availability 
of Im and the demonstration of the therapeutic 
effectiveness of IM. induced hypothyroidism in 
euthyroid patients with intractable angina pectoris 
and congestive heart failure have afforded the op- 
portunity of examining the effects of prolonged 
controlled hypothyroidism on the cardiovascular 
system. This report describes the changes in the 
size and configuration of the cardiac —— 
and the variations in the electroc 
presents a correlation of these changes with diene 
tions in the clinical status of cardiac patients, two 
to fifty-three months after the development of 
In. induced myxedema. 


MatTeriAL AND Metuops 


Pertinent identifying data are shown in Tables 


1, 2 and 3. All patients were euthyroid before treat- 
ment; persistent hypothyroidism was produced 
in each case by one or more doses of In. The level 
of hypometabolism was controlled by administra- 


was carried out under Contract No. AT (30-1)-916 between 
of Na 


tion of small doses of desiccated thyroid (6 to 90 
mg.). The duration of hypometabolism ranged 
from two to fifty-three months and averaged twenty- 
seven months. 

Radiologic examination, which was carried out 
in 27 patients (Tables 1, 2 and 3), included serial 
7-foot roentgenograms of the chest taken every 
two to six months and, in some cases, repeated 
fluoroscopy. In each film the transverse cardiac 
diamete: and the internal thoracic diameter were 
measured. In addition, the serial x-ray films of 
each patient were evaluated from the standpoint 
of alterations in the contours of the left and right 
borders of the heart, the relative size of the heart 
chambeis and the volume of the vascular pedicles. 
Comparison was made only when films showed 
similar Positioning of the subject and comparable 


unipolar limb leads, and six precordial V leads of 
serial elect 8 were studied in 28 pa- 
tients; measurement was made of the maximal 
depth of Q and S waves, and maximal height of 
P, R and T waves in all leads. Correction was made 
for errors in standardization. The duration of the 
PR, QRS and QT intervals was also determined. 
The QT interval was not regarded as prolonged 
unless it was 20 per cent above predicted values 
as calculated by Bazett’s'® formula. The effect 
of medications was considered in the evaluation 
of variations in configuration of the tracings. 
The data obtained from examination of x-ray 
films and electrocardiog were correlated with 
the clinical state, and simultaneous observations 
of the serum cholesterol, the basal metabolic rate, 
the thyroid uptake of tracer doses of Im and, in 
some cases, determination of serum protein-bound 
iodine. The methods employed in the clinical and 


Sweden, laboratory evaluation of such patients before and 


during myxedema have been described previously.' 


Of the diaphragm. 
Deflections of the standard leads, augmented 

2 


Resutts 


Radiologic Changes in Heart Size in Patients with 
Angina P ectoris 


The serial chest films of 19 patients with intrac- 
table angina pectoris were studied. Tables 1, 2 
and 3 summarize the relation of alterations in the 
cardiac silhouette to the basal metabolic rate, serum 
cholesterol level and therapeutic result attained 
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striking or significant relief of angina pectoris after 
induction of hypometabolism; the pretreatment ~ 
cardiac diameter was within normal limits in z 
and above noi mal in 8. The transverse cardiac 
diameter was decreased 0.6 to 1.1 cm. after I 
(Fig. 2) in 3 of these cases (Cases 4, 8 and 10). In 
3 patients (Cases 2, 6 and 9) clinical improvement 
for the initial two or three years of hypometabolism 
was followed by an exacerbation of angina pectoris. 


Tast 1. Effect of 1131-Induced Hypothyroidism in Cases 19. 


Pecroais ism 
15 51 12 Strikingim- None 
12 12.2 84 30 
3 12.6 62 90 im 
coronary i - 24 in- None 
47 “4.9 20 Excellent 
4 M 60 peter 10 7 13: = Definite decrease 
—2 u Striking 
6 46 Prior myocardial infarc- X — 0 — 
1 
| E. 
*Mensuration not feasible. 
after Im. induced hypothyroidism. The obsetva- No concomitant significant cardiac enlargement 


tions presented are representative of a much larger 
body of data obtained in each case. Laboratory 
and clinical evidence of hypometabolism appeared 
in each case one to ten months after the initial dose 
of 

Eleven of the 19 patients (S8 per cent) had no 
permanent significant change (Fig. 1) in configu- 


months of §h yroidism (average, 
months); 10 the 11 (Cases 1110 — 


was observed. A transient increase of the transverse 
cardiac diameter of 0.5 cm. or more was ‘seen in 
J. patients (Cases 1, 2 and 10) on one film at some 
time after the onset of hypometabolism. Subse- 
quent films showed, in each case, a return of the 
cardiac silhouette to its pretreatment configuration; 
the change was not related to variation in thyroid 


dosage. 
largement of the heart was observed for twenty- 
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six and thirty-eight months of hypothyroidism, 
during which a good or excellent therapeutic result 
had been attained. Cardiac enlargement was sub- 
sequently noted during an exacerbation of angina 
pectoris in Case 12 and during the development 
of congestive heart failure in Case 13. 

Definite and progressive enlargement ot the car- 
diac silhouette accompanying myxedema was ob- 
served in 6 ot the 19 patients, or 32 per cent (Cases 
14-19); some degree of cardiac enlargement had 
been noted before treatment in all but 1. I therapy 
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these were suitable for measurement of the transverse 
cardiac diameter. In none was hypometabolism 
accompanied by progressive cardiac enlargement. 

Case 20, with severe chronic congestive heart 
failure following multiple myocardial infarctions, 
experienced striking clinical improvement after 
induction of myxedema. After six months of hypo- 
metabolism, the transverse cardiac diameter had 
diminished by 3.1 cm. Fourteen months later the 
size of the heart gradually began to increase, but 
never reached its pretreatment size. After two and 


Taare 2. Effect of 1131-Induced Hypothyroidism in Cases 10-19. 


Case Sex Ace Apprtionwat Diacnwosis Duna- Dona 
No. TION TION OF 
or Hypo- 
ANGINA METABO- 
BErORE AFTER 
Ju 
Tagaary 
yr yr. mo. 
2 
11 M $7 x 9 — 
3 
6 
41 
12 F 47 421 6 on 
13 M 65 infarc- 11 — 
tion; mellitus. 
14 M 38 2 2 1% — 
15 M 60 Prior m infarc- — 
; diabetes mellitus; 
central-nervous-system * 
8 
16 F 39 Prior m infarc- 4 — 
46 
17 M 61 — 6 7 
x 
47 
56 Diabetes mellitus 4 
16 
5S Prior — 
— infarc- i 


* t. 4700 cc. t. 
kn 
. Nez: * 
13.9 +8 
14.4 —21 1 0 Negligible 
2 
13.3 
14.3 18 Negligible 
13.8 aT 386 6 Definite increase 
14.6 —1 3 6 727 
15. — — 6 air 
14.4 -4 1 
21 
16.5 —22 412 6 ble 
111 12 ble Definite increase 
15.8 —32 ble 
3 122 
15.3 —27 3 90 igible Definite increace 
‘ 3 Negligible 
15.5 33 184 38 Negligible 
16.2 Negligible 
13.6 +0 
: =17 Negligible Definite i 


Was considered worth while in only 1 of these (Case 
14), who experienced moderate relief of angina 
pectoris. No relation could be established between 
the degree of alteration in cardiac size and the degree 
of myxedema. Administration of small doses of 
thyroid to these patients was accompanied by 
slight decreases in heart size in some, and by the 
18 of progressive cardiac enlargement in 
others. 


Radiologic Changes in Heart Size in Patients with 
Congestive Heart Failure 
The serial chest x-ray films of 6 patients with 
congestive heart failure were studied after Im. 
induced hypothyroidism (Table 3). The films of 4 of 


a half years of hypometabolism and clinical im- 
provement, he suffered increasing angina pectoris, 
which culminated in an acute myocardial infarction 
and death. 

In Case 22, with rheumatic heart disease and 
chronic congestive failure, a good initial clinical 
response to In therapy was noted. The heart did 
not increase in size until shortly before death from 
pulmonary edema, eighteen months after the onset 
of hypometabolism. 

In the other 2 patients (Cases 21 and 23), no 
significant change in heart size or configuration 
was observed after twenty-nine and fifty-three 
months of hypothyroidism. One had experienced 
striking clinical improvement; the other evidenced 
no worthwhile therapeutic effect. 


= 
—u—a-Ü 
*Mensuration not feasible. 


Accurate measurements of cardiac size could 
not be made from the x-ray films of an additional 
2 patients with congestive heart failure because 
the cardiac borders extended to the lateral chest 
wall, or were obscured by pleural effusion or pulmo- 
nary congestion. Serial films of these patients were 
reviewed, and, with the aid of repeated fluoroscopy, 
an estimate was made of significant alterations in 
cardiac configuration and size. One patient (Case 
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in the appearance of the cardiac silhouette. Two 
years after I treatment there was an exacerbation, 
of the symptoms of congestive heart failure; at 
this time, shortly before her death, there was a 
slight generalized increase in size of the heart. 
The second patient (Case 25) was a thirty-year- 
old man with chronic rheumatic heart disease, mitral 
and aortic stenosis and insufficiency, chronic de- 
compensation for twelve years and severe congestive 


Tastz 3. Effect of 1131-Induced Hypothyroidism in Cases 20-27. 


8 2 „ ul growl 


Rheumatic heart disease; 
mitral and aortic 
stenosis and insu ſſi- 
ciency. 


Rheumatic heart disease; 
mitral —.— in- 
su 


Rheumatic heart disease; 
—— and 
stenosis and insu fh- 
ciency; pleural effusion; 
ascites. 

Rheumatic heart 
and insu ficiency 

heart 


disease; aortic stenosis 
and insufficiency; hy- 


ss se! 


S~| 


hypertension; 
vascular — 


SS 


— 


18585 8 8 SER 88 88888 8388 


Accurate measurement not feasible. 
tThyroid ordered but not taken. 


24), was a forty-four-year-old woman with a past 
history of rheumatic heart disease and incapacitat- 
ing congestive heart failure for seven years. 

x-ray examination before I therapy, the transverse 
cardiac diameter was approximately 18.3 cm., with 
marked left and right dilatation of the heart borders, 
and posterior dilatation of the left atrium. Definite 
clinical improvement persisted for nineteen months 
after therapy. Despite the presence of moderate 
hypothyroidism there was no significant change 


heart failure of nine months’ duration unresponsive 
to usual therapeutic measures. Pretreatment x-ray 
examination revealed a huge heart with marked 
dilatation of the right and left ventricles and dil- 
atation of both atria; accurate measurement of 
size was not possible. His condition became pro- 
gressively worse; x-ray films showed increasing 
dilatation of the left atrium, a dilated aorta and 
vena cava, bilateral hydrothorax and pulmonary 
congestion. Hypothyroidism developed five months 


218 
Sex Ace Appitionwat Diacnwosis§ Dvaa- Duaa- Trans- Basar Ovea-Aut 

TION TION OF VERSE Meta- Resutt Cuances in 
or Hypo- Candace BOLIC TEROL CATION Caapiac 
Decom- wmwetaso- Diameter Rate Sitnovetre 
PENSATION 
BEFORE AFTER 
Iin Iin 
Tusaarr Turaarr 
= - yr. yr. % mt. / too cc. mg. day 
46 Hy nei ve and arterio- 1 + 0 255 Definite decrease; 
1 425 then gradual 
2 prior myocardial in- — 434 Striking im- increase. 
farcts; chronic renal — 420 prove ment 
disease. — 606 12 Striking im- 
ment 
— 26 12 
21 F 59 = Arterial hypertension; 117 +20 213 
previous thyrotoxicosis. —17 404 Strikingim- None 
provement 
+h 322 90 Striking im- 
provement 
13.5 —12 324 90 Striking im- 
provement 
13.7 — 8 412 90 Striking im- 
provement 
22 M 45 2 14.9 —11 
14.8 —23 Terminal ia- 
15.1 — 21 18 Good crease 
15.9 —27 18 Negligible 
23 F 47 17 16.1 — 4 
— on e 
16.4 15 Negligible 
15.6 30 dle 
15.0 30 = Negligible 
24 F 46 7 * +5 
—22 6-12 Good Terminal in- 
6-12 Negligible crease 
25 M 30 9 0 +3 — Striking im- 
i —24 — provement Distinct decrease 
—28 — Striking im- 
prove ment 
26 M 72 * — 16.0 Definite increase 
| 
ment 
pertension. 15 21.1 Striking im- 
prove ment 
4 19.9 Striking im- 
prove me ut 
26 20.8 Striking i m- 
prove ment * 
27 M 59 2 16.2 a+} — Good 
6 — 18 15 Good 
12 -- 18 Good Definite increase 
19 — 17 15 Good 
47 — 18 Good 
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after the initial dose of I Concomitantly, there 
was evidence of marked clinical improvement and 
the. patient, previously incapacitated, returned 
to work. After seven months of hypometabolism 
the lung fields were clear, the pleura dry, and the 
left atrium smaller on x-ray examination. Twelve 
months later the pulmonary vessels were normal 
in caliber, the aorta and vena cava were narrow, 
and the left atrium was piobably smaller although 
still tremendously dilated. At this time, twenty- 
four months after the initial dose of In, the basal 
metabolic rate averaged -28 per cent and the serum 
cholesterol was 310 mg. per 100 cc. The patient 


was moderately hypothyroid, but symptoms were 

insufficient to require thyroid medication. 

_ Radiologic Changes in Heart Size in Patients with 
Both Angina Pectoris and Congestive Heart Failure 
In 2 patients, with both intractable angina pec- 

toris and chronic congestive heart failure, Ii therapy 


was followed by progressive and marked cardiac 


enlargement. In 1 (Case 26) induction of myxedema 
was accompanied by striking clinical improvement, 
with remission of both angina pectoris and conges- 
tive heart failure for twenty-four months. Although 
frank myxedema developed, the patient refused 
to take thyroid as ordered. Progressive cardiac 
enlargement with a 5.l-cm. increase of the trans- 
verse cardiac diameter occurred (Fig. 3). Never- 
theless, cardiac improvement was maintained. 

The second patient (Case 27) had severe hyper- 
tension, angina pectoris, chronic congestive heart 
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Ficure 1. Cardiac Silhouette before (Left) and 3 7 ened aiter (Right) the Induction of Hypometabolism 
in a 
There has been no change in the size of the heart. 
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failure and recurrent acute pyelonephri 
tion of myxedema by I was followed by a notice- 
able improvement of angina pectoris and congestive 


itis. Induc- 


heart failure. During forty-seven months of hypo- 
metabolism, the transverse cardiac diameter in- 
creased 1.1 cm. Although the patient has had two 
cerebrovascular accidents, there has been no re- 
currence of angina pectoris and only recent tecur- 
rence of congestive heart failure. 


Electrocardiographic Changes in 28 Patients with 
Chronic Cardiac Disease 
The electrocardiograms of 21 patients with angina 
pectoris and 7 patients with congestive heart failure 


were studied before and after induction of hypo- 
metabolism with I". The electrocardiograms taken 
before therapy showed abnormal patterns consistent 
with prior myocardial infarction, bundle-branch 
block ot hypertrophy of the left ventricle in 22 
patients; tracings were abnormal, but not diag- 
nostic, in 5, and were normal in only 1 patient. 

The interpretation of the electrocardiogram 
after I therapy was complicated by alterations 
due to varying degrees of digitalization and pos- 
sible progression of the unde:lying myocardial 
disease. The most pronounced changes in the electro- 
cardiogram were observed at the lowest level of 
metabolism and could be attributed to myxedema. 
As in spontaneous myxedema, H. u these changes 
consisted ot lowering of voltage of the QRS 
complexes and, less frequently, the P waves, and 
flattening or inversion of the T waves. The QT 
interval, if slightly above normal, tended to de- 


a 


crease. Thyroid was administered and the dosage 
adjusted so as to maintain in each patient a level 
of hypometabolism affording the maximum relief 
from the cardiac disease and minimum discomfort 
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sisted. Thereafter, despite months or years of hypo- 
metabolism, there was no progression of electro-” 
cardiographic changes, and —— little al- 
teration in the basic pattern 


F 


from — At a metabolic 
-25 per cent, electrocardiog phic alterations due 


to myxedema regressed and, in some cases, com- 


Ficure 3. Cardiac Silhouette 4 (Left) and Twenty-Six Months aſter (Right) the 1 of 1 in Case 26. 
The transverse diameter of the heart has increased 4 


pletely disappeared. The voltage of the QRS com- 
plexes usually remained slightly less than that be- 
fore I therapy, and T waves continued to be some- 
what flatter. The decrease of the QT interval per- 


level of -15 to 


Discussion 

Increase in the size of the heart is frequently 

found in cases of spontaneous myxedema.': . 16 


The size of the heart is diminished by thyroid medi- 
cation and increases if thyroid is withdrawn. Even 
when the cardiac silhouette appears normal on x-ray 
examination, a decrease in size and change in con- 


3 
1 4 
* * * = 
“ 
* 
. 
Ficure 2. Cardiac Silhouette before (Left) and Twenty-Four hs after (Right) the Induction of Hypométab- 
* 
2 
2 
ae 
— 
— y * 
ok . * 
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figuration may be observed after the administration 
of thyroid. Enlargement of the cardiac silhouette 
has been attributed to dilatation of the heart,? 
myxedematous infiltration of the myocardium'® 
and, in some cases, pericardial effusion.” 

When spontaneous myxedema is found in pa- 
tients with chronic cardiovascular disease it is diffi- 
cult to evaluate the influence of the metabolic dis- 
order on heart size. Thus, in some patients with 
arteriosclerotic heart disease and hypothyroid m, 
there may be no modification in cardiac size after 

id medication, despite an increase in the force 
and amplitude of cardiac contractions, increase in 
cardiac minute volume output and velocity of blood 
flow, and reversal of electrocardiographic changes. 


a of the underlying cardiac disease. 
heart in artificial myxedema, half a month to nine 
months after total thyroidectomy, an increase in 
heart size was noted in 15 of 22 patients (68 per 
cent) with congestive heart failure and 8 of 17 pa- 
tients (47 per cent) with angina pectoris.“ In spite 
of these changes, clinical improvement in the signs 
and symptoms of congestive heart failure or of 
angina pectoris persisted for three to twelve months. 
In the present group of patients, films taken 
during two to fifty-three months of IM. induced 
hypometabolism were compared with films obtained 
before treatment. All patients were clearly hypo- 
metabolic, and many experienced minor symptoms 
of hypothyroidism on 6 to 90 mg. of thyroid. Op- 
portunity was thus afforded to study the long-term 
effects of controlled induced hypothyroidism in 
— whose clinical progress had been closely 


The change in heart size after the induction of 
myxedema in patients with congestive heart failure 
is difficult to interpret. It has been described® as 
the resultant of two opposing factors: the effect 
of the hypothyroid state, increasing heart size, 
and the restoration of circulatory compensation, 
decreasing heart size. In the present series of 6 
patients with _ Congestive heart failure unaccom- 


was observed with prolonged hypothyroidism during 
most of the lives of the patients. In Cases 20 and 
24, despite a prolonged period of hypothyroidism, 
no increase in the cardiac silhouette occurred until 
shortly before death. Consistent with previous 
observations® was Case 20, in which striking thera- 
peutic improvement was accompanied by a 3. I- em. 
decrease in the cardiac diameter. The cardiac 
silhouette showed a partial return to the original 
heart size just before death, thirty-five months 
after Im therapy 
It might —4 been anticipated that prolonged 
congestive heart failure and Lang ed 
ism would increase cardiac size. However, Case 
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23 showed no clinical improvement and yet no 
increase in cardiac diameter during fifty-three 
months of IM. induced hypometabolism. 

In contrast, both patients who experienced notice- 
able relief from both severe congestive heart failure 
and intractable angina pectoris during I. induced 
hypometabolism demonstrated significant progres- 
sive increase in the size of the heart shadow. In 1 
(Case 26) induction of myxedema was accompanied 
by striking remission of both angina pectoris and 
congestive heart failure. The patient refused to 
take thyroid as ordered. Progressive cardiac en- 
largement was noted (Fig. 3); cardiac improvement, 
however, was maintained. This casts considerable 
doubt on the existence of the “myxedema heart” 
if the term is defined as a condition precipitating 
congestive heart failure or angina pectoris. 

The interpretation of changes in the cardiac 
silhouette in patients with angina pectoris was 
not complicated by a changing state of cardiac 
compensation. Correlation of the x-ray changes 
and the clinical therapeutic result in 19 patients 
observed during two to forty-eight months of hypo- 
metabolism revealed a difference in the response 
of the cardiac size between those who achieved 
a worthwhile result and those who experienced 
no benefit from I. Thus, in 10 of 13 patients in 
whom good to striking relief of angina pectoris 
occurred, there was no increase in cardiac size during 
two to forty-seven months of hypothyroidism. 
Occasionally, a single film showed a transient in- 
crease in heart size, with return to control value 
in the next film. An additional 2 of these 13 patients 
had no increase in heart size for twenty-six and 
thirty-eight months, the increase occurring only 
during an exacerbation of angina pectoris after 
the period of hypothyroidism. On the other hand, 


in 5 of 6 patients who were not benefited by I 


therapy there was a progressive increase in the size 
of the heart shadow. The mechanism for this clear 
difference in the response of these two groups of 
patients with angina pectoris to induced hypo- 
metabolism is unknown. No relation could be 
observed between the pretreatment severity of 
angina pectoris and either the clinical improvement 
or the change in heart size. Nor could the depth 


initial size of the heart and the presence or absence 
of enlargement after hypothyroidism. 

We have noted above a distinction in the changes 
in the size and configuration of the cardiac silhouette 
in induced myxedema, between the cases in which 
a worthwhile result was achieved and those in 
which the result was unsatisfactory. Alterations 
in the electrocardiographic pattern after I therapy 
were 8o variable in extent and transient in duration 
that no correlation could be established 
the observed elect di changes and 
the therapeutic result attained. Our data, however, 


In others, increase in cardiac size during thyroid 

therapy may be observed and is associated with 

or duration of myxedema be correlated with the 
change. No correlation was noted between the 


indicate that the “myxedema heart,” in the sense 
of a.condition precipitating angina pectoris or 
congestive heart failure or accompanied by marked 
electrocardiographic and x-ray changes, does not 
occur in patients with prolonged, controlled I'*'- 
induced hypometabolism. 
SuMMARY 

in the size and configuration of the car- 
diac silhouette in 27 patients and variations in 
the electrocardiogram in 28 patients with intrac- 
table angina pectoris or congestive heart failure 
were studied before and for two to fifty-three months 
after the development of IM. induced myxedema. 
All patients were distinctly hypothyroid and were 
maintained at basal metabolic rates of -15 to -25 
per cent on 6 to 90 mg. of desiccated thyroid daily. 

Alterations in heart size and elect 
pattern were correlated with the level of hypo- 
metabolism as determined by the clinical state, 
basal metabolic rate, serum cholesterol, thyroid 
In and serum protein-bound iodine. 

Ten of 13 patients who achieved good to striking 
relief of angina pectoris exhibited no increase in 
cardiac size after two to forty-eight months of 
hypometabolism. Two others exhibited no en- 
largement of the heart in twenty-six and thirty- 
eight months of hypometabolism during which 
a good or excellent therapeutic result was attained ; 
subsequently, cardiac enlargement was noted in 
these cases during an exacerbation of angina Pec- 
toi is and congestive heart failure. 

Five of 6 patients with angina pectoris not bene- 
fited by Ii therapy showed a progressive increase 
in heart size. 

Six patients with chronic congestive heart failure 
showed no cardiac enlargement during most of 
nineteen to fifty-three months of hypometabolism. 
In 2 patients an increase in heart size was 
only shortly before death after twenty-two and 
thirty-one months of hypothyroidism, during which 
definite therapeutic improvement was experienced. 

In 2 patients with both angina pectoris and con- 
gestive heart failure IM. induced myxedema was 
followed by striking therapeutic benefit despite 
progressive and marked cardiac enlargement. 
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The development of myxedema was accompanied 
by a decrease in electrocardiographic voltage, flat- 
tening or inversion of T waves and a slight decrease 
in the QT interval. Changes in the electrocardiogram 
regressed after the administration of small doses 
of thyroid. Thereafter, despite definite hypome- 
tabolism for months or years, no further progression 
in the electrocardiographic pattern occurred. 

The data indicate that the “myxedema heart,” 
in the sense of a condition precipitating angina 
pectoris or congestive heart failure or accompanied 
by marked electrocardiographic and x-ray changes, 
does not occur in patients with prolonged, con- 
trolled I. induced hypothyroidism. 


We are indebted to Dr. Felix G. Ficischner, Beth 


Israel Hospital, for his aid in the radiologic 
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THE CEREBRAL CIRCULATION AND METABOLISM IN ARTERIOSCLEROTIC AND 
HYPERTENSIVE CEREBRO DISEASE* 


VASCULAR 


With Observations on the Effects of Inhalation of Different Concentrations of Oxygen 


Atsert Herman, M. D., Joun L. Patrerson, Jr., M. D., T. Duke, M. D., S 
Louis L. Batrey, M. D. J 


ATLANTA, GEORGIA 


ECENT studies on the pathogenesis of cerebro- 

vascular accidents have emphasized the impor- 
tance of either vasomotor changes in the cerebral 
vessels themselves or temporary inadequacy of 
the systemic circulation. . Although such func- 
tional alterations are probably significant in the 
causation of cerebrovascular accidents, the exist- 
ence of structural changes in the cerebral vessels 
is generally believed to aggravate if not actually 
to provide the underlying basis of the vascular 
episode.“ In this regard it is of interest that a 
reduction in both cerebral blood flow® and oxygen 
uptake® has been found in elderly, subjects even 
in the absence of symptoms of cerebrovascular 
disease. Whether patients with overt manifesta- 
tions have even greater impairment in these func- 
tions has not been definitely established. Fazekas 
and his associates,* for example, found that the 
reduction in cerebral metabolism in elderly persons 
had little relation to the presence of clinical mani- 
festations of vascular involvement; in Scheinberg’s’ 
report the value for cerebral oxygen uptake in 
patients with cerebrovascular disease and normal 
mental state was the same as that in young, healthy 
control subjects. 

This report presents our observations on the 
cerebral blood flow and metabolism in 48 control 
subjects of varying ages and in 39 patients with 
cerebrovascular accidents or with encephaloma- 
lacia associated with arteriosclerosis and hyper- 
tension. In addition, the effects of inhalation of 
50 to 100 per cent concentrations of oxygen were 
studied to determine the response of diseased cere- 
bral vessels to increased oxygen tensions and to 
explore the therapeutic possibilities of, or contra- 
indications to, such alterations. 


MatTeErRIAL AND METHODS 


The 39 patients with cerebral vascular disease 
in this study were divided into two groups, depend- 
ing on the duration of their cerebral manifestations. 
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Twenty-two of them were studied within a few 
days of the onset of their first cerebrovascular 
accident. All but 1 of these 22 patients had hyper- 
tension for several years before the presenting 
episode, but there was no history of previous vas- 
cular involvement of the brain. Nineteen of them 
had acute onset of hemiplegia of varying severity, 
often associated with loss of consciousness, aphasia 
or sensory manifestations, and in 3 others convul- 
sions, without other evidence of motor or sensory 
disturbances, developed. The cerebral studies were 
done within one to ten days of the onset of the 
acute symptoms, with an average of four days. 
Eight of the patients were stuporous at the time 
of the cerebral studies; 9 others showed slight 
or moderate degrees of confusion, and only 5 were 
relatively alert and rational. The ages varied from 
thirty-eight to seventy-four years, with an average 
of fifty-nine years. 

The second group of 17 patients were believed 
to have chronic cerebrovascular disease with mod- 
erate or advanced encephalomalacia. Twelve 
of them had had recurrent accidents (hemiplegias, 
convulsions or periods of confusion), whereas 5 
had shown progressive mental deterioration without 
overt motor or sensory manifestations. Autopsies 
were performed in 3 of them, and severe athero- 
sclerosis of cerebral vessels with extensive areas 
of cerebral softening was found. The ages of these 
patients ranged from forty-six to eighty-four years, 
with an average of sixty-four years. Only 9 were 
known to have hypertension. 

None of these 39 patients had evidence of con- 
gestive heart failure or azotemia at the time of 
the cerebral studies, but all of them showed mod- 
erate to severe arteriolar changes in the retina. 
There was no evidence of neurosyphilis, cerebral 
emboli, brain tumor or abscess as the cause of the 
cerebral manifestations in any of these patients. 
The spinal fluid of 3 patients with initial cerebro- 
vascular accidents was grossly bloody, whereas 
that in the remaining patients was clear. Autopsy 
was performed in 2 of the 3 patients with bloody 
spinal fluid and showed massive intracerebral hemor- 


rhage. 

The 48 subjects used as controls were patients 
convalescing from a variety of acute illnesses, such 
as pneumonia, peptic ulcer, hepatitis and arthritis, 
or from surgical procedures, such as herniorrhaphy 
and appendectomy. 


They gave no evidence of 
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intracranial disease, and only 9 of them had slight 
hypertension, with mean elevations 
varying from 110 to 132. These control subjects 
were divided on the basis of age into two groups 
approximately equal in number. Twenty-five were 
between twenty and forty-four years of age, with 
a mean age ot twenty-nine years, and 23 ranged 
trom forty-five to seventy-five, with a mean age 
of fifty-six years. All the control subjects, as well 
as the patients with cerebrovascular disease, had 
in values greater than 9.5 gm. per 100 cc. 
The cerebral blood flow (CBF) in these 87 persons 
was measured by the nitrous oxide method of Kety 
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Samples of arterial and venous blood drawn 
just before and at the end of each blood-flow pro- 
cedure were pooled, and their oxygen and carbon 
dioxide content was measured by the combined 
procedure described by Peters and Van Slyke.'® 
The nitrous oxide content of blood samples was 
determined by the manometric method of Orcutt 
and Waters." Modifications of these gasometric 
technics, suggested by Kety and Schmidt,® were 
— Early in the study we determined the 
oxygen capacity of blood by equilibrating the sample 
with air in a small flask, analyzing for oxygen ma- 
nometrically and making the usual correction for 


Tastz 1. Mean Values for Cerebral Functions in Control Subjects and in Patients with Acute 
and Chronic Vascular Disease. 


yr cc. Itos t. vol. per cen 
u 


*Iadicates statistically significant differences (p 7 O. OS) from mean values of control subjects less than 45 yr. 


of age. 


tadicates statistically significant differences (p< 0.01) from mean values of both groups of control subjects. 


and Schmidt, with minor modifications previously 
described.“ The cerebral oxygen consumption 
(CMRO,) was calculated from the CBF and the 
cerebral arteriovenous oxygen difference. The 
cerebrovascular resistance (CVR) was calculated 
from the CBF and the mean arterial pressure meas- 
ured directly from the femoral artery with a damped 
mercury manometer. No effort was made to obtain 
Gens do af the 
bral lesion, since it has been shown that there is 
practically no difference in the cerebral blood flow 
or metabolism calculated from samples simultane- 
ously obtained from the right and left internal 
jugular veins of these patients.’ 

The effects of inhalation of oxygen were observed 
in 17 patients with cerebrovascular disease. Ten 
of them were to inhale 85 to 100 per cent 
oxygen and 7 were given 50 per cent oxygen—ap- 
proximately the concentration administered in 
tents. Control observations of the cerebral cir- 
culation in these patients were performed with 
the subject breathing the standard gas mixture 
ot 21 per cent oxygen, 15 per cent nitrous oxide 
and 64 per cent nitrogen. After this control study, 
the patients were given either 50 per cent or 100 
per cent oxygen by face mask for a period of twenty 
minutes, the gas being changed to mixtures con- 
taining 15 per cent nitrous oxide with 50 per cent 
or 85 per cent oxygen, respectively, with the re- 
mainder nitrogen, and a second blood-flow deter- 
mination carried out. 


dissolved oxygen. More recently the method of 
Roughton and his associates was employed. Hemo- 
globin concentration was calculated from the oxygen 
capacity. Arterial pH was measured with the glass 
electrode of a Cambridge Model R pH meter and 
corrected to body temperature.” Arterial carbon 
dioxide tension (pCO,) was calculated from the 
pH, carbon dioxide content and hematocrit by 
means of the nomogram of Singer and Hastings.“ 
Arterial oxygen tension (pO;) was calculated from 
the pH and the per cent oxyhemoglobin saturation 
by means of the dissociation curves of Dill.’ 


REsULTs 


The mean CBF in the 25 control subjects less than 
forty-five years of age was 52 cc. per 100 gm. of 
brain per minute, which is somewhat greater 
(0.05> p> 0.02) than the value of 46 cc. observed 

in the group of older controls (Table 1 and Fig. 1). 
Both the patients with initial acute cerebrovascular 
accidents and those with recurrent or chronic mani- 
festations, however, had statistically significant 
reductions in the mean CBF with values of 40 and 
35 cc., respectively. Only 4 of the total group of 
39 patients with vascular disease showed values 
greater than the mean values observed in the control 
subjects. Although the average age of the older 
group of control subjects was somewhat less than 
those of the two groups of patients with vascular 
disease, the differences in age did not account for 
the differences in CBF, since the 13 control subjects 
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over fifty (average age of sixty-three years) had 
the same CBF value as the entire group of subjects 
over forty-five years of age. 

The CMRO, in the younger group of control 
subjects averaged 3.1 cc. per 100 gm. of brain per 
minute (Fig. 2), whereas those over forty-five years 
showed a slight reduction in the cerebral metabolic 
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rate, with a mean value of 2.9cc. (0.1> p> 0.05). 
The mean CMRO, in the patients with an acute 
cerebrovascular accident was 2.7 cc., a value only 
slightly less than that observed in either group 
of control subjects. There was, however, a marked 
reduction in the cerebral metabolic rate in the 17 
patients with symptoms of chronic progressive 
cerebrovascular disease. These patients had a 
mean CMRO, of 2.1 cc., which is significantly less 
(p <0.01) than that observed in each of the other 
three groups of patients. Only one of the patients 
with chronic cerebrovascular manifestations had 
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a CMRO, value greater than the mean value of 
the control subjects. The major changes in the 
CMRO, as calculated were due to reductions in 
cerebral blood flow of the various groups of subjects 
and not to decreases in arteriovenous oxygen di 
ences. 

In the patients with acute cerebrovascular disease, 
little correlation was found between the mental 
state of the patient at the time of the study and 


the cerebral oxygen consumption (Fig. 3). The 
40 
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mean values for CMRO, in this group was prac- 
tically the same, regardless of whether they were 
alert, confused or stuporous. Actually, 1 patient, 
completely stuporous as a result of intracerebral 
hemorrhage, had a CMRO, value greater than 
normal. 

Cerebral studies were repeated within five weeks 
of the initial studies in 6 patients with a single 
cerebrovascular accident and 2 of those with re- 
current manifestations (Table 2). There was a 
slight increase in the mean CBF from 36 to 41 cc. 
in these 8 patients, a slight decrease in CVR, but 
no change in the mean CMRO,. Five of the 6 pa- 
tients with initial cerebrovasculat accidents showed 
an increase in CBF at the time of the second study. 

The administration of 85 to 100 per cent oxygen 
resulted in a definite reduction in CBF in 7 of 10 
patients with cerebrovascular disease (Table 3 
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and Fig. 4). This concentration of oxygen produced 
a 9 per cent decrease in mean CBF flow and a 13 
per cent increase in mean CVR. These changes 
are comparable to those observed in control subjects, 
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Ficune 3. Values for Cerebral Oxygen Consumption in Individual 
Patients with Initial Cerebrovascular Accidents. 
The arrows indicate mean values in cach group. 


in whom a 14 per cent reduction in the mean CBF 
and a 15 per cent increase in mean CVR occurred. 
There was no significant change in cerebral metab- 
olism in either the control patients or those with 
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of the patients gave any evidence of clinical im- 
provement in hemiplegia or mental state during 
inhalation of o . On the contrary, 1 showed 
mental confusion, a fall in blood pressure and a 
transient hemiplegia five minutes after cessation 
of oxygen inhalation; the CBF fell from 40 to 34 cc., 
and the CMRO, from 3.1 to 2.7 cc. per 100 gm. 
of brain per minute. 


Discussion 


The reduction in CBF and the elevation of CVR 
found in the control subjects over forty-five years 
of age was, in all probability, caused by a moderate 
degree of arteriosclerosis insufficient to alter cerebral 
function to the point of overt manifestations. Be- 
ginning in about the fourth decade numerous al- 
terations have been observed in all the layers of 
the cerebral arteries. These changes become more 
extensive during the fifth and sixth decades and 
may account for the abnormal values in CBF and 
CVR noted in the older control subjects. Although 
9 of these patients had an elevation in blood pres- 
sure, with a mean arterial pressure of 110 or more, 
this finding alone has not been found to be asso- 
ciated with a decrease in CBF. The more marked 
reduction in CBF noted after a single cerebrovas- 
cular accident was most probably due to diffuse 
atherosclerosis throughout most of the cerebral 
vessels, even though these patients had previously 
been in good health. This situation is analogous 
in some respects to that observed in patients with 
coronary-artery disease, in whom considerable 
narrowing of one or more coronary vessels may 
exist without causing clinical signs or symptoms 
of cardiovascular disease. It is also possible that 
the patients with acute cerebrovascular accidents 


Taste 2. Changes im Cerebral Function of 8 Patients with Acute and Chronic Cerebrovascular Disease. 


Patient Symptoms Peaiop arrer Mewrat Stratus CBF 
Vascutar Accipant 
INITIAL FOLLOW-UP INITIAL FOLLOW-UP INITIAL FOLLOW-UP 
sTuDY sTUDY sTuDY v sTuDY 
days days 
G.P.* Convulsions; coma. 1 8 Stuporous Alert 44 $1 
T. C. at hemi- 9 20 Stuporous No change 29 25 
L. T. Convulsions 3 35 Confused Alert 41 26 
W. F. Convulsions; stupor. 2 31 Stuporous Slightly confused 39 57 
B. 8. Aphasia; right hemiplegia. 4 12 Lethargic Alert 27 48 
L. S. Right hemiplegia 4 16 Confused Lethargic 35 39 
J. M. Aphasia; right hemiplegia. 1 3 Lethargic Slightly confused 42 $1 
B. J. Right hemiplegia; coma. 1 il Comatose Stuporous 27 35 
Mean 36 41 


cerebrovascular accidents. Inhalation of 50 per 
cent oxygen tended to cause the same alterations 
in cerebral functions as higher concentrations of 
the gas, but the changes were not as marked. None 


had a superimposed functional abnormality in 
the form of reflex vasoconstriction at the time of 
the accident. The definite increase in blood flow, 
observed within a month of the onset of the acute 
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manifestations in 5 of the patients with initial 
— eg accidents, lends support to this 


ypothesis 

The slight decrease in cerebral oxygen uptake 
noted in the control subjects over forty-five years 
of age is at variance with the pronounced reduction 
in cerebral metabolism observed by Fazekas and 
his associates“ in a comparable, but slightly older, 
group of subjects. The CMRO, in our patients 
with a single acute vascular accident was only 
slightly less than that found in control patients 
over forty-five years of age. It seems likely that, 
although these patients had only one overt cerebro- 
vascular accident, some of them had a moderate 
degree of pre-existing encephalomalacia. Indeed, 
2 of them had CMRO, values less than 2 cc. and, 
in this respect, were comparable to the majority 
of those with recurrent vascular episodes. In gene- 
ral, the patients with recurrent episodes of cerebro- 
vascular accidents had a greater reduction in both 
blood flow and metabolism than those with only 
a single accident. In many respects both the clinical 
manifestations and the abnormalities in cerebral 
functions of the patients with mental deterioration 
caused by arteriosclerosis resembled those seen 
in paretic neurosyphilis.® 

It should be pointed out that the CBF, as meas- 
ured by the nitrous oxide method, represents chiefly 
the flow through perfused brain. 41 areas of the 
brain are devoid of blood supply or so poorly per- 
fused that nitrous oxide equilibrium is not estab- 
lished by the end of the flow procedure, the actual 
blood flow per unit weight of brain may be lower than 
that indicated in this study. Furthermore, since 
some of the patients probably had a moderate 
degree of cerebral atrophy, the total blood flow 


CEREBROVASCULAR DISEASE — HEYMAN ET AL. 


reported in patients with cerebral atrophy asso- 
ciated with cerebral arteriosclerosis.'* 

In the patients with initial cerebrovascular acci- 
dents, no correlation was observed between the 
cerebral metabolic rate and the degree of confusion 
or stupor at the time of the blood flow. On the 
other hand, there was a definite tendency in the 
patients with progressive mental deterioration 
and other evidence of encephalomalacia to show 
a considerable reduction in CBF and metabolism. 
Similar observations have been made by Schein- 
berg,“ who noted a marked reduction in both CBF 
and CMRO, in patients with cerebrovascular dis- 
ease and mental changes. 

The fact that inhalation of oxygen failed to in- 
crease the cerebral oxygen uptake of these patients 
is of interest, since patients with strokes are often 
given oxygen therapy. The question of the thera- 
peutic value of 100 per cent oxygen arises in these 
patients. There can be no doubt that oxygen therapy 
is indicated in patients with cerebrovascular acci- 
dents who have decreased arterial oxygen saturation 
because of pulmonary edema or other types of pul- 
monary disturbance. Even in patients with normal 
oxygen saturation of the arterial blood, the adminis- 
tration of 85 to 100 per cent oxygen produced a 
marked increase in arterial oxygen tension and 
an increase in oxygen content of 1.7 cc. per 100 cc. 
of blood. In experimental myocardial infarction, 
such changes provide a considerable increase in 
oxygen tension in the tissues adjacent to the cen- 
tral necrotic area,?“ and a similar situation may 
obtain in cerebral infarction. 

The inhalation of 85 to 100 per cent oxygen pro- 
duced a decrease in the mean CBF that largely 


Taste 2 (Concluded). 
Patient CMRO, CVR Remarks 
INITIAL FOLLOW-UP INITIAL 
sTUDY sTUDY sTUDY STUDY 
mm. / mm. Vt. / 
cc. gm./ cc. gm./ c. ec. /100 gm./ 
min. min. mine min. 
G. P. 2.2 3.5 3.0 2.8 Hemiplegia, 4 mo. previously; convulsions, 1 wk. pre- 
y. 
T. C. 1.8 1.2 3.5 4.1 Mental changes, I yr.; acute cerebellar-artery syndrome. 
L. T. 2.9 1.2 3.7 6.7 Hypertensive encephalopathy; no motor weaknesses. 
W. F. 2.5 2.7 4.2 3.1 Hypertensive encephalopathy; no motor weaknesses. 
B. S. 1.5 2.7 8.1 2.5 Nerz! hypertensive; motor strength improved at second 
L. S. 2.2 2.1 3.2 3.2 Potions hy 2 ve; spinal-fluid pleocytosis improved 
*. 
J. M. 3.3 3.1 2.2 1.7 Podloas — motor weakness improved at 
, 2.6 2.5 5.7 3.1 Intracerebral hemorrhage; patient died 2 after 
Mean 2.4 2.4 3.8 3.4 
values 


through the brain of these patients may have been 
reduced to an even greater extent. A reduction 


in the total intracranial blood flow, as measured 
by the rate of spinal-fluid displacement, has been 


offset the increase in arterial oxygen content. Thus, 
there was no significant alteration in the oxygen 
delivery to the brain in our patients, as calculated 
from the product of the CBF and the arterial oxygen 
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content (Table 3). It is theoretically possible that cause a reduction in the cerebral glucose delivery. 
the decrease in the caliber of the cerebral vessels This factor may sometimes be of consequence, par- 
produced by 100 per cent oxygen would increase ticularly in the presence of a low blood sugar, since 
stasis sufficiently to precipitate thrombosis in vessels progressive reductions of blood glucose are associated 


Tasie 3. Mean Values for Cerebral Functions before and during Administration of 50 to 100 Per Cent Oxygen. 


CMRO; CVR 


100 000 . cc. “Treo By 


AIR OXYGEN 
cc. / 


Tasie 3 (Concluded). 


Ox vo * Ox A Ox C Ox 


OXYGEN OXYGEN OXYGEN aim OXYGEN AIR OXYGEN 
mm. Hg. mm. He. vol. percent vol. percent mm. Hg. mm. Hg. vol. per cent vol. per cent e ee. 1 
7.4 7.6 1 15.8 16.6 7.1 8 
35 21 5.9 7.1 311 11 3-5 17.6 7.9 A 
8.0 2 7 17.2 18.2 * 6.4 
103 155 6.4 9 4 301 16.1 18.4 $3 6.1 
*Includes 8 patients with acute and 2 with chronic vascular disease. 
tIncludes 6 patients with acute and 4 with chronic vascular disease. ‘ 


Data calculated from an assumed pH of 7.35. 


in which the flow was already critically reduced. with measurable decreases in cerebral oxygen up- 
The administration of 100 per cent oxygen is known take.” In view of these considerations, it may be 
to reduce coronary blood flow and in patients with wiser to avoid administration of 100 per cent oxygen 
by mask in patients with cerebrovascular disease 
and to employ concentrations of approximately 


cunapnes snes 35 to 50 per cent, such as that given by nasal cathe- 
€¢.1200 gm. | min. ter or tent. Such concentrations have only slight 
vasoconstrictive effect on cerebral vessels and pro- 

0 r duce a small increase in venous oxygen tension, 
and probably in cerebral-tissue oxygen tension as 


well. Whether such increases in oxygen tension 
are sufficient to maintain cellular viability in areas 
that would otherwise be incorporated in the infarct 
is a matter for further study. 


SuMMARY 


The cerebral blood flow (CBF), cerebral oxygen 
consumption (CMRO,) and cerebrovascular re- 
sistance (CVR) were determined by the nitrous 
oxide ~~. in 48 control subjects of varying 
ages and in 39 patients with cerebrovascular acci- 
Lest of High —— ren dents or with encephalomalacia caused by arterio- 

sclerosis and hypertension. The effects of inhalation 

. ri lamas spn ernie I of 50 to 100 per cent concentrations of oxygen were 
halasion of 85 to 100 per cent oxygen. studied in some of these cases. 

The mean CBF in a group of older control sub- 

jects was somewhat less than that found in young, 

angina pectoris produces more pronounced and healthy subjects, and patients with cerebrovascular 

persistent electrocardiographic alterations after accidents showed even greater reductions in blood 

standard exercise.” It should also be borne in mind flow values. The CMRO, of older control subjects 

that a decrease in CBF during oxygen therapy may was only slightly less than that of young, healthy 
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persons. A marked reduction of cerebral oxygen 
consumption was found in patients with chronic 
cerebrovascular disease. 

The administration of 85 to 100 per cent oxygen 
to patients with cerebrovascular accidents caused 
a reduction of cerebral blood flow, whereas 50 per 
cent oxygen produced little change in this function. 
The oxygen uptake of the brain was unaffected 
by either concentration. 

The reduction in cerebral blood flow found in 
control subjects over forty-five years of age and 
in patients with cerebrovascular accidents suggests 
that arteriosclerotic changes exist throughout most 
of the cerebral vessels of such persons. In view 
of the vasoconstrictive effect of inhalation of 
100 per cent oxygen it may be wiser to avoid the 
use of this concentration of gas in patients with 
cerebrovascular accidents. 
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NOR-EPINEPHRINE IN THE TREATMENT OF ACUTE MENINGOCOCCEMIA WITH SHOCK 
(WATERHOUSE-FRIDERICHSEN SYNDROME) AND AN EVALUATION OF ADRENOCORTICAL 
FUNCTION“ 


Henry S. M. Unt, M. D. f 


WORCESTER, MASSACHUSETTS 


EFORE the advent of the sulfonamides, recov- 
ery from the Waterhouse-Friderichsen syn- 
drome was rare.' Thereafter, isolated case reports 
described successful treatment of this fulminating 
infection, and by 1948 Brand? reviewed 25 cases with 
recovery and added 1 of his own. When penicillin and 
the sulfonamides were combined, the results in all 
types of meningococcal infections improved great- 
ly**; however, many patients with the Water- 
house-Friderichsen syndrome continued to die 
in shock, despite the liberal use of antibiotic and 
chemotherapeutic agents. Vigorous adrenal sub- 
stitution therapy, including parenteral administra- 
tion of epinephrine, has been advocated by Thorn 
and his associates,'® and recently there have been 
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reports of the successful use of cortisone.· u How- 
ever, treatment of the peripheral vascular collapse 
during the first Itwenty- ſour to forty-eight hours 
remains the major therapeutic problem. Two 
comprehensive reports have described excellent 
results with nor-epinephrine in the treatment of 
peripheral vascular collapse from such causes as 
myocardial infarction, sepsis, postoperative shock, 
acute surgical emergencies and anesthetic compli- 
cations. · 1 

This report describes a classic case of the Water 
house -Friderichsen syndrome in which the intra- 
venous infusion of nor- epinephrine was carried out 
during the first sixty hours to combat circulatory 
collapse and maintain a normal blood pressure. 


Case Report 
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phrenia: effects of barbiturate 
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illness and prostration to the City of Detroit Receiving Hospital 
tracted a mild respiratory infection, from which he had com- 
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t for persistence of reversible shock was failing. At this point, an intravenous in- 
mild sore throat. On the night before fusion of Ife 
a severe chill of 5 per cent glucose solution was instituted at a rate of 23 mi- 


therapy, he de and — throughou night. — harply soon after initiation of 
„ he was res t The rose 8 
of i i hrine and was maintained at : ew normal levels 


col- during 
on the floor. 2-hour course of the Ist infusion, but fell to shock levels 
ical examination revealed a well developed and well shortly after discontinuation (Fig. I). A 2d attempt to support 
nourished, but acu ill, prostrate boy. There was a cyanotic — 7 pressure with 100 cc. of aqueous adrenocortical extract 
tinge to the lips and the nail 11 Petechiae were scattered over a blood ee was unsuccessful; subsequent — 
the entire surface and in the con 1 and buccal mu- —＋ of nor- epi ine produced a prompt rise that was sus- 
cosas. Funduscopic examination : hyperemia of the retina. tained as long 1 infusion was continued. Figure I demon- 
The neck was s and there was no cervical lymphadenop- strates clearly the relation of blood-pressure levels to the nor- 
athy. The lungs were clear to percussion and auscultation, and 3 microm: therapy. The rate of infusion vested from 17 to 
* heart sounds were rapid and of poor and distant quality erogm. per minute at first, but later a stable 
abdomen was 


flat and soft, and no or masses were was attained at a constant flow of 19 microgm. 
iti the i y, the white-cell count had risen to 37, 37,630, 


= with a hemoglobin of 15 gm. per 100 cc., and a w 


4 In an a to evaluate adrenocortical —— 
Ir tw counts 17 excretion levels were determ 
“a — ee — . within 72 hours of admission. Two days before discharge, when 
8 the patient was clinically well, a 48-hour ACTH test was made 
une — and these responses were re-evaluated. Seventy-two hours 
admission the i eosinophil couut was 91 per cubic ; 
Ficunz 1. Course of the Patient's Illness in Relation to Wor- pee On the 
epinephrine and Other during the First Three H ä — y the 17. excretion was 20.4 mg. per 
x the ACTH i urine 
per 24 hours. 
morning, thereafter 10 mg. was given intram 
6 hours for 48 hours. The total circula 
at the end of 24 and 48 hours was 244 and 394, 
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and the respirations 18. The blood pressure was at first unobtain- ‘A final evalua however, . 
— 2 rose to 60/40 after intravenous were was made in the — — 1 3 weeks later, and 

Examination of the blood disclosed a of 16 there was a prompt — c= & cubic, millimeter 
Urinalysis showed a test tive 
test for sugar, with 7 to 10 white blood cells 1 to 3 red blood Discussion 

was r white terhous iderich 

blood cells cubic millimeter. The s was 122 mg. and d of won wath: ma 
the protein 28 mg. 100 c., and the chloride 113 milliequiv. syn rome has been made, primary p 
per liter. The spinal-fluid smear was negative, and culture failed today is to combat the peripheral vascular collapse 


to grow any organisms. Blood was drawn for culture before that is often fatal in the early hours of the illness. 


day as penive for Newer mening inital Hod chemical Suceessful therapy of this overwhelming infection 


were as follows r mg. an nd blood urea nitrogen and bacteremia, therefore, lies in the generous use 

12 me. and plasma chloride of antibacterial agents combined with vigorous 

um sulfadiazine in 1 liter of p e saline solution pathogenesis peripheral vascular 

of Lipo-adrenal Extract adreno- 1, 58e remains obscure. Lesions of the central nervous 


were given system are not essential, as illustrated by the case 
tient lead follancd reported above and as demonstrated by Daniels,“ 
the lot liter saline who reviewed 156 fatal cases of Waterhouse 

The course of the illness from the time of admission is shown Friderichsen syndrome of meningococcal origin. 


* tial wee a iow bot fal fal, About half the patients in this series had no menin- 


with « marked narrowing of the p pulse pressure. At tha oa ne e 
receiv ce. III moderate to severe meningitis. us, menin- 
not an important in the shock 
was clear that all to combat the development of ir- associated with meningococcal infections. 
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pletely recovered within 
malaise, anorexia and a 
admission, he noticed a ‘ 
nor- 
palpable. No abr 
fhe urine gave fest for albumin, afd the sediment coitainec 
power field, together with many granular casts. On the 4th 
206,000 — 
OF W. 00, With 9 sent neutrophils; there were 206,000 plate- 
Tene, 1 acne: poeta lets and a total eosinophil count of 91 per cubic millimeter. 
n ie eee Bleeding and clotting times were 4 minute and 16 minutes, 
a a respectively. The urine was clear, with only a trace of albumin. 
_\ this time, since the patient had successfully passed 
the 17-ketosteroid excretion was of 6 
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Acute adrenal insufficiency, on the other hand, 
has long been considered a significant element in 
the syndrome. In Daniels’ study, analysis of the 
adrenal glands at autopsy revealed a rough inverse 
correlation between the duration of life and the 
degree of frank adrenal hemorrhage. Almost half 
the patients had severe adrenal hemorrhages, with 
an average life span of sixteen hours, whereas those 
with mild hemorrhages lived about forty-eight 
hours. The inference from this analysis is that 
the primary cause of shock in Waterhouse Friderich- 
sen syndrome is adrenal hemorrhage with acute 
adrenal insufficiency. However, Ferguson and 
Chapman" stated that there is often insufficient 
adrenal damage to explain the collapse. In analyzing 
the autopsies of 16 cases of acute meningococcemia, 
they found 9 cases of gross adrenal hemorrhage 
with edema. In 15 of 16 cases, microscopical exami- 
nation revealed pathologic changes including focal 
hemorrhages; focal necrosis, usually in the medulla; 
“tubular” degeneration of Rich in a few with hemor- 
rhage; thrombosis of the capillaries between the 
medulla and cortex; and 2 cases with questionable 
infarctions. The authors believed that this adrenal 
lesion was insufficient to explain the irreversible 
shock and concluded that the ultimate cause of 


peripheral vascular collapse was extensive vascular 


damage with capillary hyaline thrombosis, which 
they found throughout the body, including the skin. 

In the case reported above, the vascular collapse 
did not appear to be entirely the result of adreno- 
cortical insufficiency. Evaluation of adrenocortical 
function by eosinophil counts and analysis of 17- 
ketosteroid excretion revealed no evidence of adrenal 
insufficiency. It may be argued that the use of 
Lipo-adrenal Extract contributed directly to the 
elevated 17-ketosteroid excretion level or that nor- 
epinephrine contributed indirectly by stimulating 
the release of pituitary ACTH; however, there 
was no rise in the 17-ketosteroid excretion level 
of a young female patient with acute meningococcal 
bacteremia who received both Lipo-adrenal Extract 
and nor-epinephrine infusion. The low initial eosino- 
phil count was probably secondary to stimulation 
of the pituitary-adrenal axis by the acute infection, 
although the use of Lipo-adrenal Extract may have 
contributed. Furthermore, it has been demonstrated 
that nor-epinephrine produces no significant de- 
crease in circulating eosinophils.'* The failure of 
the eosinophil level to fall during the forty-eight- 
hour ACTH test performed after the patient had 
recovered from his illness is a phenomenon previously 
observed in patients recently convalescent from 
a severe infectious disease, and is attributed to a 
refractory recovery state of no pathologic signifi- 
cance. Later, there was a normal response to the 
four-hour epinephrine eosinophil test. 

Although the primary etiologic factor in the 
Waterhouse—Friderichsen syndrome remains an un- 
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solved problem, indirect evidence that it is not acute 
adrenocortical insufficiency can be drawn from the 
fact that adrenocortical substitution therapy fre- 
quently does not prevent death. For example, 
the use of adrenocortical extract and DOCA usually 
fails to reverse the shock. On the other hand, the 
final evaluation of cortisone, recently successful 
in isolated cases, has yet to be made, and the effec- 
tiveness of intravenous Compound F remains to 
be descri 

In these studies, the prompt reversal of peripheral 
vascular collapse with the institution of nor-epineph- 
rine therapy and the tailure ot adrenocortical 
substitution therapy to prevent shock strongly 
suggest that the Water house-Friderichsen syn- 
drome is not secondary to acuteadrenocortical insuffi- 
ciency. There was probably no serious impairment 
of the tested adrenocortical function during the 
acute phase of the illness in the case reported above. 

I believe that the use of a continuous infusion 
of nor-epinephrine to maintain a normal blood- 
pressure level in this patient was probably a life- 
saving measure and prevented irreversible shock 
and serious renal damage from prolonged ischemia. 
It is suggested that the use of this vasopressor agent 
be considered in all cases of septicemia with peripher- 
al vascular collapse, especially when adequate trial 
with blood transfusions, plasma, fluids and adrenal 
substitution therapy has been unsuccessful in fore- 
stalling shock. 


SuMMARY 


A classic case of the Waterhouse—Friderichsen 
syndrome in which an intravenous infusion of nor- 
epinephrine was used successfully over a period of 
sixty hours to combat peripheral vascular collapse 
is described in detail. Physiologic studies of adreno- 
cortical function during the acute stage of the ill- 
ness and after recovery indicated no failure of the 
adrenal cortex, even in the presence of shock, which 
responded to nor-epinephrine but not to parenteral 
adrenocortical replacement therapy. The signifi- 
cance of these findings in relation to the patho- 
genesis of peripheral vascular collapse in this syn- 
drome is discussed. 
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MEDICINE’S NUMBER ONE PROBLEM 
Howarp A. Rusk, M. D. 


NEW YORK CITY | 


MPROVEMENT in the health of the people in 
the developed parts of the world since 1900 con- 
stitutes one of the great achievements of the past 
half-century. It has been estimated, from fossil find- 
ings, that in prehistoric times the average man lived 
about eighteen years, his life frequently terminating 
in violent death. This had advanced to around 
twenty-five during the time of the ancient Romans. 
However, in 1940 in the United States, the average 
person could expect to live to be sixty-two, in Sweden 
to sixty-seven, in Canada to sixty-four, in Finland 
to fifty-eight, in the Netherlands to sixty-six, and 
in Denmark to sixty-six. The expectancy has fur- 
ther increased within the past ten years, rea 
sixty-eight in the United States in 1949. 

Although some nations of the world still have 
pressing problems of communicable disease and 
life expectancy rates vary from nation to nation, 
the trend in all nations is to a greatly increased 
life expectancy — resulting throughout the world, 

in an aging population. As a result, the foremost 
medical problem in many parts of the world is 
no longer the acute communicable diseases, which 
claimed their victims with dramatic swiftness, 
but the slow, insidious processes of the chronic 
diseases and the disabilities that they leave in their 
wake. 

The problems to be faced extend far beyond 
any one discipline, agency or group; they must 
be solved by the community as a whole — but 
they can be solved only with responsible medical 
leadership. 

One of the most significant developments in 
rehabilitation during the past decade has been 
the increasing interest, both professional and public, 
in the development of rehabilitation centers, and 
the recognition given medical rehabilitation as 
an integral part of medical care. Just as satisfactory 
job placement is the capstone of any successful 
program of services to the handicapped, medical 
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rehabilitation, starting at the earliest possible 
moment after acute illness or injury, is the foun- 
dation, since all subsequent rehabilitation processes 
are built upon the residual physical disability that 
medical care cannot eliminate. 

Until recent years the great majority of the medi- 
cal profession looked upon rehabilitation as an 
extracurricular activity, something dealing with 
social work and vocational training, but something 
that had little coacern or held but few implications 
for medicine. Today, however, that trend is being 
reversed, and although there are still many physi- 
cians who are unfamiliar with the aims and pro- 
cedures of rehabilitation, medicine is beginning 
to recognize more and more, that medical care 
cannot be considered complete until the patient 
with a residual physical disability has been trained 
to live and work with what he has left. 

Lacking specific measures in the care of many 
of the chronic diseases, medicine must look to re- 
habilitation to teach those afflicted by disability 
to live and to work as effectively as possible. Until 
the specific answers to the problems of diseases 
of the heart and circulation, rheumatic fever, ar- 
thritis, cerebral palsy, multiple sclerosis, polio- 
myelitis and the other crippling diseases have been 
found, one must utilize the technics of physical 
rehabilitation, „social service, vocational 
counseling and the auxiliary specialties to teach 
the disabled to live within the limits of their dis- 
abilities but to the full extent of their capacities. 

Although excellent hospitals, public-health cen- 
ters and other facilities for preventive and defini- 
tive medicine are available in various parts of the 
world, there are, in comparison, but a handful of 
facilities equipped to provide for the patient with 
a physical disability the necessary retraining in 
physical skills that are essential for later vocational 
training. In the past, the physician has thought 
too much about the physiologic and -linical aspects 
of the patient’s disability. The vocational coun- 
selor too frequently has thought only in terms of 
— skills that could be utilized vocationally. 

the two, however, there is a wide area 
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through which most physically handicapped per- 
sons must go when their medical care is completed 
but before they are ready to undergo vocational 
training. In this area lies the physical retraining 
in skills necessary for the carrying on of the activ- 
ities inherent in daily living and common to all 
types of work. 

Except in a few cases, the physically handi- 
capped person must be retrained to walk and travel, 
to care for his daily needs, to use normal methods 
of transportation, to use ordinary toilet facilities, 
to apply and remove his own prosthetic devices 
and to communicate either orally or in writing. 
These are such simple things that they are frequently 
overlooked, but the personal, vocational and social 
success of the handicapped person is dependent 
upon them. 
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The practice of rehabilitation for the general 
practitioner, or for any doctor, begins with the 
belief in the basic philosophy that the doctor’s 
responsibility does not end when the acute illness 
has ended or surgery has been completed; it ends 
only when the patient has been retrained to live 
and to work with what is left. This basic concept 
of the doctor’s responsibility can be achieved only 
if rehabilitation is considered an integral part of 
medical service. Any program of rehabilitation 
is only as sound as the basic medical service of 
which it is a part. The diagnosis and prognosis 
must be accurate, for it is upon them that the feasi- 
bility of retraining is determined. 


400 East Thirty-Fourth Street 


MEDICAL PROGRESS 


MEDICAL MANAGEMENT OF PERIPHERAL ARTERIAL OCCLUSIVE DISEASES* 
Stanrorp Wess.er, M. D. f 
BOSTON 


HE treatment of the patient with peripheral 
arterial insufficiency is increasingly successful. 
During the course of the disease, however, the 
physician is frequently called upon to resolve prob- 
lems about which there is diversity of opinion. 
These include the significance of vascular calci- 
fication, the value of arteriography, the hazards 
of nicotine, the role of anticoagulant and antispas- 
modic drugs, the treatment of intermittent claudi- 
cation, the therapy of acute arterial obstruction 
and the prophylaxis and management of impending 
or frank ulceration and gangrene. Finally, opinions 
differ concerning the indications for sympathectomy, 
embolectomy, segmental arterial resection and 
amputation. It is the aim of this paper to review 
the pathologic physiology of peripheral arterial 
insufficiency and to re-examine some of the diag- 
~ nostic and therapeutic measures that have been 
proposed for its effective clinical management. 


Parnorocic PuysioLocy oF ArTERIAL Ixsur- 
FICIENCY. 
Arterial Obstruction 
Many diseases may affect the peripheral arteries 
and encroach upon their lumens. Thromboembolic 
obstruction, thromboangiitis obliterans, polyar- 
teritis nodosa, scleroderma and the arteritis asso- 
ciated with systemic infection may be encountered. 
These conditions are responsible for a definite but 
small percentage of clinically recognized peripheral 
arterial occlusive disease. Atheromatosis, leading 
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to narrowing and complete obliteration of the ar- 
terial lumen, is the most frequent cause of arterial 
insufficiency in the lower extremity. The disturb- 
ance in function, however, is primarily dependent 
upon the location, extent and rate of development 
of the arterial obstruction rather than its specific 
etiology 


Anatomic studies':? have demonstrated that 
atherosclerotic occlusions occur less frequently 
in the iliac, femoral and popliteal arteries than 
in the tibial vessels. It has also been shown? that 
there are relatively few occlusions in the lateral 
or terminal branches of the tibial arteries. These 
investigations have established the fact that the 
principal bottleneck to the flow of blood from the 
aorta to the toes occurs in the three main arteries 
of the lower leg. A new method of injecting and 
dissecting the arteries of amputated limbs has 
facilitated the quantitative determination of the 
extent of the occlusive process.? This technic has 
demonstrated that occlusive disease in the lower 
leg is extensive before amputation is necessary. 
Invariably, one or more complete occlusions were 
found in each injected specimen; in more than 
90 per cent of the legs two or more of the four major 
arteries of the lower leg (the popliteal, anterior 
tibial, posterior tibial and peroneal) were occluded, 
usually at more than one point, with an average 
of eight sites of complete occlusion per leg. More 
than a fourth and frequently a half of the lengths 
of these major arteries were occluded by the time 
amputation was necessary.“ 

Various studies have shown that when sudden 
embolic or thrombotic occlusions occur in periph- 
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eral arteries, the threat to viability is greater 
the nearer the lesions are to the aorta.*»4 Throm- 
bosis is not uncommon in patients with chronic 
obliterative disease. In one study fresh occlusions 
were found in 50 per cent of a group of legs ampu- 
tated for atherosclerotic gangrene.? These thrombi 
were frequently several centimeters in length and 
often multiple. 

The extent of obstructive atherosclerosis in 
gangrenous legs as revealed by injection and dis- 
section technics? is significantly greater than that 
found in infarcted hearts examined by similar meth- 
ods.*»* Comparable studies of the arterial circu- 
lation of the kidneys,’ brain“ and bowel* have in- 
dicated that atherosclerosis does not produce in 
these arterial circuits the extensive obliterative 
disease found in the leg. These observations sug- 
gest that the lower extremity may prove to be 
the most fertile clinical area in which to study the 
problem of atherosclerosis. 


Interarterial Anastomosis 

Despite the clinical importance and the intense 
interest in arterial disease of the lower extremities, 
knowledge of the anastomotic circulation in the 
normal person and in various pathologic states 
remains incomplete. Although the existence of 
anastomoses is recognized, their extent, their size, 
their normal functional significance and the de- 
rangements that may occur in disease have only 
recently been studied in detail. Even though an 
atheroma or an embolus can produce ischemia 
by occluding an artery, extensive obliterative di- 
sease is usually present before gangrene develops. 
This discrepancy may be accounted for in part 
by the fact that the leg arteries, unlike the coro- 
nary vessels,“ have a preformed collateral interar- 
terial network that can immediately compensate 
for arterial obstruction.?:'*-" The main initial 
impetus to the opening of these collaterals is the 
augmented differential pressure above and below 
the sites of occlusion." In addition, arterial nar- 
rowing and occlusion lead to an increase in the 
number and size of these anastomoses.?: 1. 12. 13 
In a series of 56 amputated legs in which 438 distinct 
occlusions were found, interarterial anastomoses 
by-passing all but 2 of these obstructions were 
clearly demonstrated. In almost every such limb 
one or more anastomoses greater than 0.2 mm. 
in internal diameter could be visualized.2 The 
commonest site for large, grossly visible communi- 
cations is in the region of the ankle joint. Since 
most of the occlusive disease is limited to the major 
vessels between the knee and the ankle, the ankle 
area is precisely the zone where anastomotic vessels 
would be most effective. Both experimental and 
clinical observations have indicated that one of 
the greatest stimuli to the opening and further 
enlargement of these anastomotic pathways is 


THE NEW ENGLAND JOURNAL OF MEDICINE 


Aug. 6, 1953 


the presence of ischemia.” Therefore, the answer 
to why the extremity can tolerate such extensive 
atherosclerosis without gangrene is that it is capable 
of developing — at least up to a point —an ex- 
tremely rich compensatory circulation, which may 
effectively by-pass a large number of narrowed 
and occluded arterial segments. Occasionally, the 
internal diameters of these anastomotic leg vessels 
approach those of the original major arteries they 
connect.’ 

The function of any collateral circulation, of 
course, is to facilitate a flow of blood through the 
capillaries of the threatened part sufficient not 
only for nutrition at rest but also for an increased 
flow when the part is physiologically active. The 
collateral vessels, however, are rarely if ever as 
effective as the original system in delivering blood 
to the periphery. The significance of this may 
best be understood by reference to two physical 
laws pertaining to the flow of liquids through rigid 
tubes of small caliber. The first of these states 
that resistance to flow varies directly with the 
frictional surface, or that the effective head of 
pressure is inversely proportional to the length 
of the tube. The second, known as Poiseuille’s 
law, states that the volume flow or quantity of 
fluid passing through a tube per unit time is pro- 
portional to the fourth power of the diameter of 
the tube. If the diameter of an artery is halved, 
the flow through that vessel is reduced sixteenfold. 
Thus, if long, narrow collateral vessels are sub- 
stituted for short, wide arterial pathways, effective 
pressure and volume flow are diminished. The 
tact that several collaterals may bridge the gap 
does not adequately offset these disadvantages 
because the total cross-sectional area is not suffi- 
ciently increased." 

The effectiveness of the normally present col- 
lateral circulation is enhanced by the fact that 
the atherosclerotic process involves primarily the 
main tibial arteries and leaves the branch vessels 
relatively unscathed. This selective specificity 
of the disease is most fortunate since it permits 
the branch arteries to function as anastomotic 
by-passes when the main stems become obstructed. 
Thus, if the occlusions in the large arteries are few 
and small the collateral flow need travel only short 
distances before returning to the main channel. 
There is little loss of volume flow and little loss 
of pressure in overcoming internal resistance, and 
in time the diameter of such unobstructed collateral 
vessels may increase and so augment the volume 
flow. The blood will therefore reach the arterioles 
in quantity and at high pressure. In this situation 
pulsatile flow will be restored and prognosis for 
viability of the limb is good. If arterial blood can- 
not return to the main arteries because they are 
blocked by extensive atherosclerosis and throm- 
bosis, the limb will depend for its nutrition and 
ultimate survival on the lateral and terminal branch- 
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es. These, because of their small caliber and tre- 
mendous length, will only permit blood to reach 
the arterioles at a low pressure and in reduced 
quantity: the degree of ischemia will be more severe 
and the prognosis for survival of the limb much 
poorer than when the obstruction in the main ar- 
teries is less extensive. 

The pathologic substrate of occlusion and anas- 
tomosis that determines the fate of a limb should 
not, however, be thought of as a constant and in- 
variable picture. It is a shifting background in 
which changes frequently occur quite rapidly. 
Although there is a parallel increase in narrowing 
and occlusion, narrowing does not necessarily or 
commonly go on progressively and gradually to 
occlusion. Instead, the process is periodically ac- 
celerated by the sudden development of complete, 
fresh thrombotic occlusions. Although most of 
these are distal to sites of old occlusion they play 
an important role in diminishing the blood supply 
to the foot. They often plug arterial segments 
that previously functioned as conduits whereby 
blood passed from one collateral vessel to another. 


Vascular Tone 


In the previous discussion reference was made 
only to the anastomotic interarterial circulation 
above the level of the arteriole. It is the adequacy 
of this prearteriolar collateral bed that largely 
determines the quantity of blood delivered to the 
arterioles per unit time and therefore the effective 
blood flow to ischemic tissue. Chambers and Zwei- 
fach'® have redefined the nature of the postarteri- 


olar bed as visualized in the omentum of the dog . 


and the mesoappendix of the rat. They found 
that smooth-muscle fibers extended beyond the 
terminal arteriole onto a vessel, the metarteriole, 
that formed a bridge between arteriole and venule. 
Capillary loops given off at the proximal end of 
the metarteriole rejoined the vessel as it approached 
the venule. A muscular precapillary sphincter 
was found to be strategically located at the site 
of origin of the capillary from the metarteriole 
so that it could regulate capillary inflow. 

The metarteriolar wall and the precapillary 
sphincter are highly sensitive to local changes. 
Drugs such as epinephrine and histamine may, 
in appropriate doses, constrict or dilate the met- 
arteriolar wall and precapillary sphincter without 
affecting the caliber of the arteriolar lumen. In 
other dosage ranges the precapillary sphincter 
may be constricted, and the metarteriole lumen 
unaffected.'® 

In addition to this system, there are direct com- 
munications between arterioles and venules, ar- 
teriovenous shunts,'* through which channels the 
flow of blood may by-pass the capillaries. In man 
such pathways connecting arterioles and veins 
— the terminal phalanges have been demonstrat- 
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Clinically, much importance has been attached 
to this postarteriolar bed. Although there is little 
evidence that the arteriolar vessels are in “spasm” 
in organic arterial insufficiency,'® it has been as- 
sumed that dilatation of this portion of the circu- 
lation will improve the nutrition of ischemic tissue. 
Unfortunately, methods such as measurement 
of skin-temperature and limb-volume changes 


do not record effective blood flow but rather in- 


crements in the total amount of blood or the rate 
at which blood passes through a portion of the 
extremity.'’* There is evidence that sympathetic 
denervation produces a relaxation of the arterio- 
venous vasculature as well as of the arteriole-met- 
arteriole-capillary network.?“ Whether it is pos- 
sible, therefore, to improve effective capillary blood 
flow by removing normal tone is not at all clear. The 
hazards of producing generalized vasodilatation 
when only localized dilatation is desired have been 
emphasized.** The observation that interruption 
of sympathetic activity may increase skin tem- 
peratures does not necessarily imply a similar vaso- 
dilatation in deep structures.”:** The reverse 
has, in fact, been claimed.“ Some observers***? 
believe that interruption of normal sympathetic 
tone (even without producing systemic hypoten- 
sion) may occasionally aggravate ischemia. Al- 
though secondary arterial?* and venous?“ throm- 
bosis has been implicated, the mechanism whereby 
such a catastrophe could occur might be from ex- 
tensive diversion of blood from ischemic tissue 
through dilated arteriovenous sluices.*° 


Summary 

From these observations it is apparent that 
obstruction of the major peripheral arteries is pri- 
marily responsible for the development of ischemia 
in the leg and that a rich interarterial collateral 
circulation — in part preformed, in part produced 
by the ischemia — compensates for this obstruction 
to arterial flow. It is also evident that the more 
proximal, the more extensive and the more rapid 
the obliteration of the major arteries, the more 
embarrassed the collateral circulation and the more 
severe the ischemia. Finally, it has been indicated 
that release of normal tone in the arteriolar and 
postarteriolar circulation may not necessarily im- 
prove effective blood flow to ischemic tissue. 


Curnicat Aspects or ArTERIAL INSUFFICIENCY 
Intermittent Claudication 

Mechanism. Atherosclerosis, with its predilection 
for the major arteries of the lower leg, is the com- 
monest cause of intermittent claudication. It is 
not surprising, therefore, that in the vast majority 
of patients with this syndrome the pedal pulses 
should be absent. So constant is this finding that 
one should be extremely hesitant, in the absence 
of anemia,** to entertain a diagnosis of claudication 
if both the dorsalis-pedis and posterior-tibial pulses 
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are full and bounding. Intermittent claudication 
has probably escaped recognition in severe anemia 
because it is usually a minor complaint and one 
that is likely to be grouped among the paresthesias 
commonly found in anemic patients.“ Claudica- 
tion in patients with normal or only partially im- 
paired peripheral arterial pulsations has been at- 
tributed to occlusions of the branch arteries sup- 
plying important muscle groups “ · M and to arteriolar 
obstruction.” Patients, in whom pedal pulses 
were present, have been observed with claudication 
secondary to occlusion of an iliac artery“ or to 
coarctation of the aorta.** In coarctation the ve- 
locity of blood flow in the large arteries of the leg 
is reduced, and the arterial-arteriolar difference 
in blood pressure greatly diminished.** This small 
arterial-arteriolar difference represents sufficient 
encroachment on the local circulatory reserve to 
produce ischemic pain without obliterating the 
pulse. Boyd and Jepson™ suggest that in the oc- 
casional patient with claudication and palpable 
pedal pulsations, the occlusion will be found proxi- 
mal to the femoral artery. In view of the demon- 
strated occurrence in peripheral atherosclerosis 
of obstruction of the large arteries and the develop- 
ment of a rich collateral circulation, which could 
occasionally permit pulsatile flow distal to the 
occluded area, this explanation“ appears more 
reasonable than one that postulates small-vessel 
obstruction as the sole mechanism. 

Some investigators have maintained that spasm 
alone can produce intermittent claudication. Sup- 
port for this point of view has centered around 


the observation that there is often a diminution. 


in the peripheral pulses after exercise in patients 
with intermittent claudication in whom pedal 
pulses were palpable at rest.. Other investi- 
gators ** have not found the evidence for spasm 
at all convincing. Pickering'* has shown how closely 
clinical organic vascular narrowing and occlusion 
may mimic vascular spasm. The two known stimuli 
producing spasm are trauma and cold. Any artery 
adequately stimulated mechanically will probably 
go into spasm. In certain cases of Raynaud’s phe- 
nomenon an intrinsic inherited peculiarity endows 
the digital arteries with unduly intense constriction 
to cold. 1s Horton has emphasized the fact that 
intermittent claudication is not seen in Raynaud’s 
disease or vasomotor vasoconstriction. Finally, 
there are no documented cases of intermittent 
claudication occurring from spasm alone. Lind- 
qvist**: os reported a case with good pedal pulses and 
claudication that he originally attributed to 
Subsequently, he found the etiologic mechanism 
in this patient to be coarctation of the aorta.** 
It is now generally accepted that intermittent 
claudication results from muscular ischemia sec- 
ondary to arterial occlusive disease in which blood 
supply is adequate for resting muscle but inade- 
quate when muscle is actively contracting. The 
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oxygen requirement of contracting muscle may 
increase thirty times above the resting level. Thie 
vastly increased requirement is met in part by 
extraction of more oxygen from each unit of blood 
passing through the capillaries and in part by an 
increase in arterial and capillary blood flow. It 
is the inability of obstructed arteries to deliver 
this additional blood that produces intermittent 
claudication. 

The precise mechanism whereby the pain of 
intermittent claudication arises has never been 
fully elucidated. Kissin“ has claimed that gen- 
eralized anoxemia without ischemia can induce 
pain in an exercising skeletal muscle. Lewis** be- 
lieved that the stimulus to pain arose from intra- 
cellular metabolic changes, acted outside the muscle 
fibers in the tissue spaces and was not the direct 
result of anoxemia. Katz, Lindner and Landt“ 
suggested that the pain-producing substance was 
a product of metabolic muscular activity, diffused 
in and out of the blood stream and was nonvolatile 
and acid. Harpuder and Stein, n on the basis 
of experimental and clinical observations, believed 
that potassium was liberated from the cells and 
that in ischemia a physical factor was introduced that 
led to the rapid accumulation of potassium ions, 
thereby providing the necessary stimulus to the 
pain end organs in muscle. 

The paresthesias and sensory and motor changes 
developing during a period of circulatory arrest 
to a limb have been described.. Marked sensory 
impairment was always noted long before any 
perceptible deterioration in motor power. In a 
recent study of the effect of peripheral ischemia 
on nerve conduction, it was shown that, among 
afferent fibers, the more rapid the conduction ve- 
locity of the fiber the greater the depressant effect 
of ischemia. Motor fibers, however, were more 
resistant to ischemia than certain afferent fibers 
of slower conduction rate.“ The different thresholds 
of various sensory fibers to ischemia may explain 
why under some circumstances intermittent claudi- 
cation may be experienced as a pain and at other 
times as a paresthesia. 

Diagnosis. A diagnosis of intermittent claudi- 

cation may be accepted when physical exertion 
produces in the foot, calf or thigh pain or cramps 
promptly relieved by the cessation of the activity: 


reclining or si 


oe to muscle cramps — 2 


such as neuritis, arthritis, phlebitis, defects in body 
mechanics and local 8 processes, * 


Intermittent claudication probably is the most specific Anf 
never occurs in 
„ and it has ao 

of position of the 

The clinical picture is frequently complicated 
g the coexistence of other pathologic conditions, 
discussed this problem in differential diagnosis. 
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It is important routinely to consider the existence 
of these other lesions since the symptoms they 
produce may be more disabling than the claudi- 
cation itselt. To assist further in analysis of the 
complaint of leg pain several tests have been de- 
vised to facilitate the diagnosis of claudication 
as well as to gauge the severity of the disability 
and the response to therapy.. In most cases, 
however, a carefully taken 3 and physical 
examination will clarify the problem. 

Impairment of the gown pulsation 
as noted by simple palpation is the most important 
and consistent physical finding of occlusive arterial 
disease. Occasionally, normal peripheral arterial 
pulsations may not be palpable because the vessels 
pursue anomalous pathways.** It is clear, how- 
ever, that a considerable degree of narrowing and 
even occlusion can be present in the large arteries 
without producing detectable reduction in arterial 
pulsation. The brief course and large diameter 
of some collateral branches that by-pass short 
occlusions can easily explain the frequent clinical 
finding of the return of pulsatile flow distal to a 
complete occlusion. In such cases one does not 
expect, and one does not usually find, evidence 
of ischemia. If a patient complains of pain in the 
leg and the arterial pulsations are full and bounding, 
the symptom almost certainly is not due to arte- 
rial insufficiency. 

Oscillometry. The oscillometer is used clinically 
as an aid in determining the volume of the pulsa- 
tion in an extremity. Oscillometry has its main 
value in confirming the absence ot palpable pulses, 
in demonstrating a difference in pulsatile flow in 
the two extremities when peripheral pulses cannot 
be discerned, and in following the progress of the 
balance between occlusion and anastomotic flow. 
It is also useful, as an adjunct to the palpation 
of pulses, in determining the level at which an 
arterial block has occurred.“ It is essential to re- 
member that palpation of pulses and oscillometric 
readings are crude guides to arterial insufficiency 
and do not accurately reflect the effectiveness of 
the collateral blood supply. 

Arterial calcification. In the past, undue empha- 
sis has been placed on the presence of calcification 
in the walls of atherosclerotic vessels. The clinical 
effects of atherosclerosis are not dependent so much 
on hardening of the vessel as on narrowing or ob- 
literation of the lumen. Calcification is not only 
inconstant but also, is itself, a relatively benign 
process causing little if any interference with the 
flow of blood. Arterial calcification in the lower 
extremity has been noted frequently in young men 
free of any symptoms or signs of arterial insuffi- 

iency. “. % It is found more often in the male 
than in the female,“ and is common in diabetic 
persons.” Arterial calcification is said to be of 
some diagnostic value in distinguishing between 
atherosclerosis and thromboangiitis obliterans, in 


which it is absent or minimal.“. 1 Possibly, it 
is only an indication of very early arteriosclerosis. 
Intimal and medial calcification can perhaps be 
distinguished on the roentgenogram.': 7°: 7.7 When 
both intimal and medial calcification are present 
in the same zone, however, even microscopical 
study cannot always distinguish between them. 

It has been claimed® that calcified vessels when 
associated with hypertension show little tendency 
to thrombosis. Of particular interest are several 
reports of the lack of correlation between arterial 
calcification and occlusion’ u and even of an 
inverse relation between the two.' A recent study 
has clearly demonstrated the absence of any cor- 
relation between calcification and occlusion in 
patients in whom the clinical picture of atheroscle- 
rosis and gangrene was sufficiently severe to ne- 
cessitate amputation.? These observations indicate 
that the taking of a roentgenogram merely to de- 
termine whether or not arterial calcification is 
present does not contribute materially to the diag- 
nosis of intermittent claudication. 

Arteriography. It is easy to demonstrate col- 
lateral vessels by injection of radiopaque me- 
diums during life.“ Since it has not been possible 
to translate these objective anatomic evidences 
of collateral flow into functional terms, arteriog- 
raphy cannot be used as a prognostic guide to 
therapy or as an indication of the paucity, richness 
or effectiveness of these auxiliary vessels 
does not need an arteriogram to appreciate that 
collateral circulation must be extensive if major 
arterial pulsations in the limb are absent and the 
tissues of the toes are viable. Boyd®™ has indicated 
that, in his experience, arteriography has never 
revealed main-vessel block that was not 
by oscillometry. 

It should be recalled that, although occlusions 
are not rare in the femoral and iliac arteries, “ the 
major site of obstruction in atherosclerosis is be- 
tween the knee and the ankle. It is precisely this 
bottleneck area that is most difficult to visualize 
completely even with a good contrast medium. 
It is much easier both during life and at autopsy 
to demonstrate the femoral artery, the popliteal 
artery or the terminations of the anterior and pos- 
terior tibial arteries in the foot than to visualize 
the tibial arteries in the lower leg. The intra-ar- 
terial injection of radiopaque mediums, moreover, _ 
is not performed without discomfort or risk.“ Ar- 
teriography is a valuable diagnostic aid in operative 
procedures on obstructed arteries.” Knowledge 
of the localization of the occlusive process and 
the limits of arteriography should, however, temper 
any surgical plan to relieve intermittent claudi- 
cation or other symptoms of ischemia i in the athe- 


Treatment. If any therapeutic regimen is applied 
to a group of patients in whom claudication is of 
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less than one month’s duration, one may anticipate 
better results than if a comparable group is utilized 
in whom the disability has been present for more 
than three years. Intermittent claudication has 
a tendency to improve spontaneously after its 
onset. Silbert*' and others“. . have empha- 
sized the fact that significant variations in exercise 
tolerance occur naturally in the course of the dis- 
ease. After occlusion of a major artery in an ex- 
tremity, one may expect an increase in collateral 
circulation during the first year; this increase may 
continue for two or three years, independent of 
therapy." In addition to spontaneous improve- 
ment, claudication can occasionally be dramatically 
relieved by postural changes that throw less strain 
on affected muscles.“ Almost invariably, uncom- 
plicated intermittent claudication can be relieved 
by a reduction in the rate at which the patient 
walks. . 85 

The initial distress of the patient with intermittent 
claudication is often out of all proportion to the 
actual disability. This discrepancy is due, in some 
cases, to the fact that the syndrome represents 
the first serious physical impairment encountered 
in a vigorous, active life and one that is envisaged 
as becoming inexorably more confining as time 
passes. Others interpret “hardening” of the leg 
arteries to mean the inevitable spread of vascular 
disease to other vital organs. Finally, there are 
those who equate intermittent claudication with 
gangrene and amputation. The physician who 
fully appreciates such fears is in an excellent posi- 
tion to help these patients. 

In practice, the disability in most patients with 
intermittent claudication is not profound; only 
a small percentage have to change their employment 
because of a limited exercise tolerance. Furthermore, 
intermittent claudication does not have the same 
prognostic relation to gangrene and amputation** 
that angina pectoris has to death from myocardial 
infarction, cardiac arrhythmia or congestive heart 
failure.“ 

There is today no single effective measure for 
the treatment of intermittent claudication that 
has gained wide acceptance. This is not for any 
lack of ingenuity on the part of workers in the 
field. Within the last half-century many diverse 
therapies have been suggested. Drugs investigated 
have included calcium,” vitamin E, „ theobro- 
mine,*® methyl testosterone,“ depropanex, 
cyctochrome C, s, * intravenous hypertonic saline 
solution,“ thiouracil,** histamine % and 
various sympatholytic agents. 

Mechanical aids, some of them based on demon- 
strably favorable physiologic alterations in periph- 
eral blood flow, %. 1% have included intermittent 
venous occlusion, pavaex'*: and Buerger’s 
exercises. 16. 117 

Surgical procedures have also covered a wide 
spectrum. It has been recommended that the femo- 
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ral vein be ligated,"* that the femoral artery be 
ligated"® and that the femoral artery be anastomosed 
to the femoral vein. e More recently, accessible 
occluded femoral and popliteal segments have 
been resected and replaced by grafts. In ad- 
dition to this direct attack on the blood vessels 
themselves, the sympathetic innervation of the 
lower extremity has been interrupted by periar- 
terial stripping,’ paravertebral blockade with 
procaine, * alcohol'™ and phenol® and extirpation 
of the lumbar ganglions."*"* Finally, division 
of the external popliteal and posterior tibial nerves 
and tenotomy of the Achilles tendon have been 
attempted.” 

Tobacco. The continued use of tobacco by pa- 
tients with intermittent claudication is still strongly 
In an excellent monograph, 
Roth” has reviewed her own and other studies 
on the effects of tobacco on the heart and periph- 
eral circulation. She has presented evidence 
that peripheral blood vessels in normal human 
subjects become constricted during smoking. 
She has also shown that these vascular effects are 
caused by the nicotine rather than by the mechanics 
of smoking, the combustion of cigarette paper or 
the inhalation of substances such as carbon monoxide 
and the pyridine bases. Analogous changes have 
been produced in the blood vessels of the extrem- 
ities by smoking and by the intravenous injec- 
tion of nicotine. 

After subjects had smoked standard cigarettes, 
it was found that whereas the blood pressure, pulse 
rate and electrocardiogram returned to normal 
within five to fifteen minutes, peripheral vascular 
constriction as indicated by decreased skin tem- 
peratures of the extremities persisted from half 
an hour to an hour and in some cases much longer. 
Why the peripheral effects of nicotine should persist 
longer than the cardiac effects is not known. One 
mechanism whereby the drug may induce this 
prolonged vasoconstriction was recently suggested 
by Burn, * who demonstrated that smoking, or 
the intravenous injection of nicotine, could inhibit, 
in man, the diuresis caused by drinking of water. 
This inhibition, he believes, is due to release of 
antidiuretic hormone, which can be found in the 
urine after smoking. 

The fact that tobacco smoking can increase 
the tone of peripheral vessels is adequate justifi- 
cation for urging all patients with acute arterial 
insufficiency to stop smoking at least until the 
imbalance between obstruction and collateral flow 
has been improved. It is equally justifiable on 
the basis of a considerable body of clinical data 
182.1% to urge all patients with thromboangiitis 
obliterans to abstain from tobacco. However, 
for the face group of ambulatory patients with 
intermittent claudication from atherosclerosis 
the need for such a restriction is not so clear. 
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Experiments designed to produce atherosclerotic 
changes in the heart and aorta by causing animals 
to inhale tobacco smoke for long periods or by 
subcutaneous or intravenous injections of solutions 
of tobacco for a considerable time have not proved 
successful. There is no evidence that tobacco, 
any more than mildly cold weather, adversely 
affects the course of the disease. Some investiga- 
tors have been unable to demonstrate any dele- 
terious effects of tobacco on intermittent claudi- 
cation due to atherosclerosis. Others have per- 
mitted patients to smoke a few cigarettes daily 
without apparent harm. Tobacco smoking in many 
of these patients is a well entrenched habit. For 
them abstinence may be neither necessary from 
the organic point of view nor desirable tor emotional 
reasons. Finally, since the vascular effects of smok- 
ing are directly related to the nicotine content™ it 
is possible that some of the newer cigarettes said 
to be low in nicotine content“ will have such 
minimal effects on the peripheral circulation that 
for all practical purposes their influence may be 
ignored. Further studies in this direction will be 
most useful. 

Summary. To help the patient with intermittent 
claudication it is necessary to realize that one is 
measuring a subjective phenomenon, that com- 
plicating disease processes may coexist, that the 
natural history of the syndrome is variable and 
finally that the significance of the limitation to 
the individual patient represents an important 
aspect of the disability. 

In summarizing the problem of therapy 
stated: “There can be little doubt that whatever 


to be as sate and effective as any measure yet 
devised to stimulate the development of collateral 
_ vessels. Correction of pathologic states like anemia 
and congestive heart failure, which increase the 
disparity between blood supply and demand, and 
the recognition and treatment of other symptomatic 
conditions, such as concomitant venous and pos- 
tural defects, will also alleviate the disability from 
intermittent claudication. 


Prophylaxis and Management of Gangrene 
Current conservative management has been 
largely responsible for the marked decrease in am- 
putations, the successful use of more limited opera- 
tive procedures e. % and the relatively advanced 
age at which major amputations are now necessary 
among patients with occlusive arterial disease. 
All therapeutic measures aimed at averting or 


limiting gangrene have as their goal a decrease 
in the disparity between the supply and demand 
for blood by ischemic tissue. Any therapeutic 
procedure diverging from this aim may precipitate 
necrosis. Gangrene rarely appears de novo even 
in the limb with extensive old arterial obstruction. 
It usually develops because ot the additional burden 
produced by mechanical, chemical and thermal 
trauma, in „ congestive heart failure, anemia 
and fresh arterial occlusion. 

Diabetes. The prominence of diabetes among 
patients with peripheral arteriosclerosis and gan- 
grene is striking.“ · 10 If glucose tolerance curves 
are obtained on all patients with arterial occlusive 
disease and gangrene the incidence of diabetes 
will be even greater.“ Since the.severity of the 
diabetic state is not related to the development 
of gangrene and since in many patients the meta- 
bolic defect can be recognized only after exam- 
ination of the blood sugar, diabetes should be 
suspected in every patient with peripheral athe- 
rosclerosis..“ It is only in this way that any pos- 
sible benefits from good management can be real- 
ized. 

Diabetes may contribute in several ways to 
peripheral arterial insufficiency. The metabolic 
disorder is probably associated with an acceleration 
of the atherosclerotic process itself“; it is thus 
associated with cerebral atherosclerosis and at- 
tendant mental changes and with coronary athe- 
rosclerosis with resultant congestive heart failure. 
It is also associated with retinal and peripheral 
neuropathy,’ which alters the patient’s aware- 
ness of local trauma. Finally, resistance to infection 
may be impaired in diabetic patients.’ 

Foot care and infection. In about half the patients 
ulceration and gangrene develop as the result of 
avoidable trauma, unnecessary minor surgery of the 
toes or the injudicious use of local applications.. 1 
Detailed instructions for the proper care of 
the feet have been published. Unnecessary 
exposure to trauma can be avoided by careful in- 
struction of patients and their families in the minu- 
tiae of foot and toenail hygiene, i in the importance 
of properly fitting shoes, in the proper care of cal- 
luses and in the avoidance of excessive heat or 
cold to the extremities. Minor injuries should be 
reported 2 to the physician, and self- treat- 
ment should be discouraged. In the presence of 
i and gangrene the advantages of bed 

protective cradles, infrequent dressings’™ 
Care- 
ful and judicious dẽbridement may aid materially 
in the healing of localized purulent foci. Proteolytic 
enzymes have recently been recommended as an 
adjunct in the treatment of necrotic lesions.’ 
The true value of these agents, however, remains 


The appropriate r 
large doses doses systemically and in appropriate men- 
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the methods of treatment employed the more en- . 
couragement these patients have, the better they 

do. In the present stage of knowledge, the means 

used to achieve results should merely satisfy the 

condition that they will do no harm.” Ischemia 

itselt is an effective vasodilator and can cause 

collateral channels to enlarge. Walking to the limit 

ot pain tolerance — that is, to ischemia — appears 
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struums locally has perhaps been more responsible 
than any other single factor for the sharp decline in 
amputations during recent years. Sensitization to 
antimicrobial drugs and the dangers of chemically 
irritating substances used in the treatment of fun- 
gous infections must, however, be fully appreciated. 

Patients with advanced occlusive disease will 
usually submit to any number of medical and surgi- 
cal procedures designed to prevent or treat an ulcer- 
ated or gangrenous lesion. The success of any such 
therapy, however, will vary directly with the willing- 
ness and ability of the patient or his family to accept 
the responsibility for the proper care of his feet. 

Congestive heart failure and anemia. The role 
of congestive heart failure and anemia in aggra- 
vating arterial insufficiency perhaps deserves special 
emphasis. Marked reduction in peripheral blood 
flow and vasoconstriction occur in advanced con- 
gestive heart failure.. Reversal of these altered 
hemodynamics by successful treatment of the 
congestive heart failure is frequently accompanied 
by a decrease in the ischemia and an accelerated 
healing of ulcerated lesions. In anemia the tissues 
are supplied with oxygen adequate for basal re- 
quirements, but the low tissue oxygen tensions 
result in a diminution of the margin of safety.“ 
Thus, in the presence of advanced occlusive dis- 
ease, even a mild anemia in these elderly patients 
may decrease this margin of safety sufficiently 
to tip unfavorably the delicate balance between 
viability and necrosis. Although it has been demon- 
strated that anemia may stimulate interarterial 
anastomoses, 1d it has also been suggested that 
anemia may predispose to thromboembolism.'* 
Once clinical manifestations of ischemia have de- 
veloped in an extremity, viability will be enhanced 
by correction rather than maintenance of the anemia. 
In these elderly patients this can be achieved by 
multiple small transfusions. It is important, in 
this regard, to realize that the formed elements 
of the peripheral blood and bone marrow do not 
change strikingly as people grow older!“ and 
that a mild anemia in elderly patients is not a “nor- 
mal” finding. 

Fresh occlusion. From the standpoint of tissue 
viability it is immaterial whether fresh occlusions 
are embolic from the heart or represent local throm- 
boses of arterial segments in the leg. The important 
factors are the location and the length ot the oc- 
clusion and its potential for propagation. Stasis 
produced by old occlusions, congestive heart failure 
or hypotension favors the growth of these thrombi. 
Usually a small fresh occlusion can be tolerated 
by the normal or atherosclerotic limb because of 
a previously formed and rich collateral circulation. 
An extensive occlusion, however, is dangerous 
because it blocks the large arteries that are acting 
as communications between many sets of collateral 
vessels. Sudden spread of gangrene can occasi 


sionally 
be correlated with the deposition of extensive fresh 
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thrombi.? If such catastrophes can be prevented 


in these patients it is conceivable that their extremi- ~ 


ties might be salvaged. A major therapeutic attempt 
should thus be made, in patients with incipient or 
limited gangrene, to prevent the deposition or exten- 
sion of fresh occlusions in the main arterial channels. 
There are a number of experimental studies'®*!% indi- 
cating that the development and growth of thrombi 
may be aborted by anticoagulant therapy. Such 
therapy, although not without dangers,’* may 
be effective in diminishing the necessity for major 
amputation. 

Surgical removal of a recent embolus to prevent 
gangrene or avert subsequent arterial insufficiency 
is still recommended,“ · 1. 1% if the patient is seen 
within a few hours of the occurrence of the embolism. 
It is, however, frequently difficult to determine 
clinically whether one is dealing with an embolus 
or a thrombus, and emboli are not infrequently 
multiple.“ 16 Emboli in the popliteal artery and 
below are not easily accessible, and surgical inter- 
vention in the popliteal fossa or above may sever 
crucial collateral arterial channels. In addition, 
operative incision of atherosclerotic vessels carries 
some risk of subsequent thrombosis. Hemorrhage 
into the arterial wall has been described.'*!* 
When an embolus produces ischemia, hemorrhage 
into a distal atheromatous plaque’® or thrombosis 
superimposed on a distal, previously narrowed 
or occluded segment may further augment the 
initial arterial insufficiency. Such dynamic changes 
will not be corrected by embolectomy. | 

In every patient with arterial embolization leading 
to gangrene and requiring major amputation at 
the Beth Israel Hospital during the past five years, 
extensive propagation of a clot from the embolus 
was found.'* Since one cannot predict in which 
patients extension of a fresh occlusion will occur, 
the management of choice in most patients with 
fresh peripheral arterial embolism appears to be 
adequate anticoagulant therapy.“ There is some 
question whether or not aortic embolism is treated 
more effectively by surgery than by anticoagu- 
lants in- 1 However, no controlled study of the 
two therapies in this condition has yet been reported. 

The occurrence of an acute arterial occlusion 
constitutes a medical emergency. Although anti- 
coagulants are indicated, an ideal drug is not yet 
available. Dicumarol unquestionably exerts a 
retarding influence on blood coagulation in vitro 
176-178 and on the development of imental 
intravascular thrombosis in 179-16 
In addition, statistical studies in man indicate 
that it produces a significant reduction in throm- 
boembolism. 16 107 It has been reported that a 
prothrombin concentration of between 5 and 10 
per cent, determined by the method of Rosenfield 
and Tuft,!** can usually be regarded as safe'® and 
that at this level coagulation is retarded.’ It 
is not known how effective such levels are against 


240 
ͤ — 


Vol. 249 No. 6 


thrombotic disorders. The delayed action of the 
drug, the difficulties in controlling the prothrombin 
concentration and the risk of hemorrhage are well 
known and have led to the use of newer, similarly 
acting compounds. -e That thrombosis may 
occasionally break through” apparently adequate 
Dicumarol therapy has been reported.’ Heparin, 
with its prompt anticoagulant effect, which can 
be relatively easily controlled, has been effectively 
employed for many years.’ Its use is still limited 
by the need for parenteral administration. Al- 
though various methods of administration have 
been tried, s intermittent intravenous injection 
appears to be the most satisfactory despite wide 
swings in the clotting time. 

There is some experimental evidence that sub- 
stances such as Dicumarol that depress prothrombin 
conversion may not provide as optimal an anti- 
coagulant effect as heparin, 1. 200 which blocks 
fibrin deposition through other mechanisms. 207 
At present heparin in considered the drug of choice 
in the short-term treatment of acute arterial oc- 
clusion. Recently, the use of indwelling catheters 
and needles has been recommended in the adminis- 
tration of intermittent injection of heparin at fre- 
quent intervals over two-week periods. If such 
technics prove feasible in clinical practice, they 
will facilitate the use of heparin in the treatment 
of sudden arterial embolism and thrombosis. 

Alteration of vascular tone. Much interest exists 
clinically in the potential value of interrupting 
sympathetic tone either medically or surgically 
in the prophylaxis and treatment of gangrene. 
Systemically administered vasodilators may cause 
vasodilatation throughout the body, thereby de- 
feating their purpose.”* It is clear that there is 
a relatively greater “resistance” to interruption 
of sympathetic tone in the lower as compared to 
the upper extremity. This resistance may require 
the use of relatively large dosages of sympatholytic 
agents, with resulting hypotension and tachycardia. 
In patients with coronary-artery disease such dis- 
turbances in hemodynamics may precipitate my- 
ocardial ischemia and even necrosis. . 1% It is 
essential to recall the high incidence of coronary- 
artery disease among elderly diabetic persons 
as well as the fact that many patients may have 
coronary-artery obstruction without clinical mani- 
festations.** In the great majority of patients 
with impending or actual gangrene, therefore, 
the systemic use of vasodilator drugs is probably 
contraindicated. 

There have been several reports of the value 
of intra-arterial vasodilators in the management 
of advanced peripheral arteriosclerosis. 1. 101. 1% 
This route of administration, it has been claimed, 
will minimize the systemic effects of the drugs. 
Recently, however, intra-arterial injection of Prisco- 
line has also been found to cause myocardial in- 
farction.* Intra- arterial therapy, requiring as 


it does, repeated arterial puncture, invites, of course, 
the risk of thrombosis in sclerotic arteries. e The 
value of such therapy in patients with advanced 
obliterative disease remains to be established. 

Surgical denervation of the sympathetic system 
has been claimed to produce a local vasodilatation 
and a healing of ulcerated lesions. “. 128. 210 Vet 
lumbar sympathectomy also causes a response in 
the entire extremity. As mentioned above, there 
is inadequate evidence that effective nutritional 
blood flow is increased by this procedure. Finally, 
experimental and clinical data are accumulating 
that in a large majority of patients, return of sym- 
pathetic tone occurs within months of the operative 
procedure, u even though the foot may remain 
warm. 7 These observations tend to invalidate 
the claim that sympathectomy has any prophy- 
lactic” value in the prevention of gangrene.™ 

Summary. In a recent study gangrene was found 
to develop most commonly in the elderly, mentally 
disturbed patient with mild diabetes, peripheral 
neuropathy and absent pulsations distal to the 
femoral arteries.“ Almost invariably two or more 
conditions such as extensive fresh peripheral oc- 
clusions, congestive heart failure, anemia, shock, 
local injury and infection aggravated the circu- 
latory imbalance.“ Although providing a useful 
frame of reference, these criteria may be of little 
prognostic help in individual cases because of in- 
ability to assess quantitatively the extent of the 
occlusive disease and of the local injury. Patients 
who appear inevitably headed for a major ampu- 
tation occasionally escape such an outcome with 
prolonged and diligent conservative management. 
Conversely, even in the presence of proved minimal 
occlusive disease g severe, neglected insult to the leg 
may result in extensive gangrene and amputation 
even in the presence of pedal pulsations. 

It is a curious fact that in the heart, where oc- 
clusions are small, comparatively few in number 
and preformed anastomoses rare, current thera- 
peutic trends have emphasized the value of anti- 
coagulants rather than measures designed to stimu- 
late the collateral circulation. In the leg, on the 
other hand, where occlusions are extensive and 
a relatively adequate anastomotic circulation is 
already present, most of the effort has been designed 
to stimulate collateral circulation, and little to 
prevent the main channels from becoming more 
extensively occluded. 

The major threats to viability of the ischemic 
limb come trom the sudden extension of fresh oc- 
clusion and the imposing of excessive demands upon 
a compromised circulation. At present the former 
may be treated by anti-coagulant therapy and 
the latter by prophylaxis and vigorous treatment 
of infection, anemia and other factors that increase 
local metabolic demands. Today, short of a cure 


of atherosclerosis, prophylaxis remains the real 
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to therapy. By ensuring proper care of his 
the patient and his physician, rather than 


the extent of the occlusive disease per se, will largely 
determine the incidence of gangrene and amputa- 
330 Brookline Avenue 
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MEDICAL INTELLIGENCE 


Elisha Kent Kane, Physician and Explorer 
Henry H. Fertic, M. D.“ 
CLEVELAND, OHIO 


HE name of Elisha Kent Kane is one of which 
all Americans can be proud, and from his life 
ysicians in particular can gain lasting inspiration. 
great-gran received training as a sur- 
geon in London in 1749 and, after coming to the 
colonies, did much to alleviate the suffering of the 
American prisoners in the Philadelphia prison dur- 
ing the British occupation. Kane was born in 
Philadelphia on February 3, 1820. As a youth, 
“he manifested no extraordinary love of learning,” 
and rebelled against the systematic method of study 
in the schools. At the age of sixteen, when he was 
attempting to enter Yale, he was found to have 
rheumatic heart disease, an illness that, with the 
acute exacerbations of rheumatic fever, was fre- 
quently to plague him for the rest of his life. His 
college studies at the University of Virginia were 
permanently interrupted at the age of eighteen by 
an acute attack of rheumatic fever and rheumatic 
endocarditis. He was brought back home and, 
. wrapped in blankets, remained critically ill for a 
long while. It was at this time that his father 
uttered the words that seemed to be his guiding 
light and a source of strength throughout the 
adventure-filled years ahead: “Elisha, if you must 
die, die in the harness.” 

Going on the assumption that he would be happier 
if he understood and could treat himself, he turned 
to the study of medicine rather than continue 

year preceptorship, he became a resident physician 
at at Blackley i in Philadelphia at the age of twenty-one. 
His senior there, Dr. McPheeters, stated that at 
the time, “he was laboring under a serious organic 
affection of the heart — dilatation with valvular 
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disease, which gave rise to a very loud bruit de 
soufflet (bellows sound), accompanied by the most 
tumultuous action of the heart from any violent 
exertion.” Six months later, in 1841, he became a 
senior resident physician and in March, 1842, he 
received his diploma from the University of Penn- 
sylvania. After his graduation his father secretly 


arranged for him to take the examination for the 
post of surgeon in the Navy. Although he was not 
enthusiastic about the idea, he passed his examina- 
tion and was accepted despite his heart disease. 
There was no vacancy, however, for an assistant 


of the Navy for him to be appointed physician to 
the American Embassy in China without endanger- 
ing his rank in the Navy. He set sail in May, 1843. 
His adventurous spirit soon led him to resign his 
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Bs 
surgeon at that time. 

Arrangements were then made with the Secretary 


246 

and to begin the private practice of medicine 
in Wham , outside Canton. After about six 
months, however, in 1844, he was stricken with 
“tice-fever” and became very seriously ill. He then 
decided to return home and see the world on the 
way. His deeds and adventures remind one of the 
late Richard Halliburton, though his motives were 
sounder. 

He remained home for one winter (1845-46), 
during which Congress declared war with Mexico. 
Three weeks previously he had been commissioned 
by the Navy and ordered to Afrita. In a com- 
paratively short time he contracted “coast-fever” 
and had to be sent home. By November 6, 1847, 
he was on his way to Mexico with a secret message 
to the American general who had recently captured 
Mexico City. There were further exciting adven- 
tures and a hard struggle with tetanus, which he 
fortunately won after the administration of 22 
grains of opium and the loss of 40 ounces of blood. 

For several years, the world was wondering about 
the fate of the Arctic explorer, Sir John Franklin, 
and his crew, who had last been seen by a whaler 
in Baffin Bay in July, 1845. Two vessels offered 
by Mr. Grinnell, of New York, were attached to and 
outfitted by the Navy to aid in the search for the 
English explorer. Dr. Kane was assigned to the 
brig Advance as the senior medical officer, and 
Dr. Vreeland to the brig Rescue. The ships left 
New York on May 22, 1850. The commander of 
this expedition feared for Kane’s health and offered 
to send him back to the United States on an English 
transport, but Kane would have none of it. He 
subsequently ‘distinguished himself ag one of the 
most efficient and hardest-working men on the 
voyage. They returned on September 30, 1851. 
His personal narrative of the journey as told in 
The United Stater Grinnel Expedition in Search of 
Sir John Franklin became the official history of 
the search. 

Believing that Franklin and his crew could still 
be alive, he was no sooner home than he began 
preparations for his second Arctic expedition, this 
time under his own command. In the promotion 
of his plans for this adventure, he spent over a 
year and a half in hard and at times discouraging 
labor, interrupted by several attacks of inflamma- 
tory rheumatism. He donated his own full pay, 
amounting to approximately $3,000, and the pro- 
ceeds of his lecture tours during the winters of 
1852 and 1853. 

He sailed again on May 30, 1853, to continue the 
search of two years before. In a letter to his father 
written on July 23, 1853, he says: “I am not 


entirely well, but as well 4s I would be at home, 
and so trusting in the Great Disposer of good and 
ill that I am willing to meet like a man the worst 
that can happen to one secure of right and approv- 
ing, heart and soul, of that in which he is engaged.” 
expedition, 


Dr. Hayes, surgeon of the was 
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quent called to see Kane during the winter of 
dyspnea. Scurvy repeatedly plagued all the men, 
and several members of the crew died as a result 
of disease and exposure. When they failed to return 
home by the time a second winter had set in, it 
was feared they too might be lost. In the spring of 
1855, the Navy dispatched two vessels to look for 
them. Kane’s brother, Dr. John K. Kane, was one 
of the volunteers. After untold hardships, which 
included a 1300-mile trip in an open boat, the 
survivors of the crew were found by the search 
party. They landed safely in New York on October 
11, 1855. Kane published an account of this expedi- 
tion in Arctic Explorations: The second Grinnell 
expedition in search of Sir John Franklin, 1853, 
54, 55. These volumes are illustrated with 300 
engravings from his own sketches made on the 
spot. Most of the ice studies were in pen-and-ink 
outlines, with a wash of the same material for a 
background. Of the hundreds of such sketches, 
“many were made in the open air, under a killing 
temperature, by a sick man, with the broad 
shoulders” of his companions for an easel and 
with lead pencils for implements. Despite these 
conditions, all the sketches were notable because 
of the faithfulness with which he portrayed the 
scenes before him. 

A sick man, he characteristically rose above his 
physical ailments and sailed for England on October 
10, 1856. Here he was honored for his exploits, 
and while in London he visited Lady Franklin. 
Unable to stand the heavy London fogs, he found 
his condition rapidly deteriorating. He was at this 
time a semi-invalid and decided to seek a warmer 
climate on the advice of Dr. Watson and Sir Henry 
Holland. Cuba was the place determined upon, 
and he left England in November. On his way to 
St. Thomas he suffered from acute polyarthritis, 
with fever and night sweats. After a temporary 
improvement he sailed for Havana and while at 
sea on December 21, suffered what was probably 
a cerebral embolism, with aphasia and right hemi- 
plegia. He landed in Havana on Christmas, and 
by the end of the month had improved considerably. 
In the midst of preparations to return home, he was 
suddenly seized with another cerebral attack on 
February 10 and died quietly six days later, at the 
early age of thirty-seven. His life echoed his own 
words: “Call it fatalism, as you ignorantly may, 
there is that in the story of every eventful life 
which teaches the inefficiency of human means and 
the present control of a Supreme agency.” 
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CASE 39321 


PRESENTATION OF CasE 


A thirty-three-year-old single woman was ad- 
mitted to the hospital for arthroplasty of the lett 
hip. 

She had had an acute infection in the left hip 
at the age of nine months, for which two operations 
had been performed. Postoperatively, she was 
kept in a cast for several months, and ever since 
she had had a stiff hip. Because of increasing pain 
in the left hip, thigh and knee over the past five 
years she came to the hospital. 

There was no history of tuberculosis. Ten years 
before admission, after a period of recurrent mid- 
epigastric pain, a gastrointestinal series was taken 
and was said to have shown a duodenal ulcer. This 
apparently responded to medical treatment, and 
the patient had since been free of symptoms. One 
year before entry she had a partial hysterectomy, 
uterine suspension and appendectomy because 
dysmenorrhea. 

Physical examination showed a slightly over- 
weight woman who appeared in good general health. 
The left hip was fixed in 60° flexion, 20° adduction 
and 20° internal rotation. The left leg was 9.5 cm. 
“shorter than the right. There was marked lumbar 
lordosis. The examination was otherwise negative. 

The temperature was 98.6°F., the pulse 80, and 
the respirations 20. The blood pressure was 130 
systolic, 85 diastolic. 

Urinalysis was negative. The blood i 
was 14.4 gm. per 100 cc., and the white-cell count 
9300, with a normal differential. 

On the seventh hospital day an uneventful cup 
arthroplasty of the left hip was performed, during 
which the patient received two transfusions. After 
operation the temperature curve was irregular, 
with daily elevations to about 101°F. A blood 
hemoglobin determination on the fourth postoper- 
ative day was 11.0 gm. per 100 cc. On the sixth 
postoperative day, about an hour and a half after 
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a meal of spaghetti she noted a dull, aching, non- 
radiating epigastric pain, became nauseated and 
vomited yellowish materia!. The pain increased 
in severity, with radiation in girdle fashion across 
the abdomen but not through to the back. Later, 
it was localized to the right upper quadrant. It 
was not clear whether or not the pain was similar 
to the one that she had experienced ten years before 
admission. Pain and vomiting persisted through- 


* 


2 
> 
4 ry * 
— 4 


Ficure I. Roentgenogram of the A: domen. 
Note the marked gaseous distention of the stomach and proximal 
portion of the duodenum. 


out the night and the following morning. Physical 
examination revealed a soft, nondistended abdomen, 
with no spasm or rigidity. Tenderness was most 
severe in the epigastrium but was moderate across 
the abdomen in girdle distribution just above the 
umbilicus. Peristalsis was slightly more active 
than normal but was otherwise unremarkable. 
The white-cell count was 16,400, the hemoglobin 
10 gm. per 100 cc., and the serum amylase 14 units 
per 100 cc. She improved with sedation, Gelusil 
and a bland diet, but later in the day physical ex- 
amination showed the abdomen to be distended 
and tympanitic. There was slightly increased re- 
sistance in the right upper quadrant, with slight 
tenderness. Peristalsis was diminished, with oc- 
casional tinkles, which were rare in the upper quad- 
rants. During the following night she again had 
minimal epigastric pain but considerable nausea 
and repeated vomiting of large quantities of fluid, 
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: My interpretation of this 
film is that the patient obviously had a dilatation 
of the stomach and swallowed air. She did not 
have a complete acute small-bowel obstruction 
because she had too much gas in the descending 
colon and rectum. I think that is as far as I can 


briefly and try to pick up a few points: supposedly, 

for what it may be worth, this woman had a duo- 

denal ulcer. The hemoglobin normal on ad- 
} 


i operation such 
as this, but I should think the lowered hemoglobin 
was a perfectly legitimate situation. She ran a 
Visiting surgeon, Massachusetts General Hospital. 
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temperature of 101°F. during the early postoper- 
ative period. I should suppose that anybody who 
ran such a temperature after operation had some- 
thing the matter. I am not sure that I can connect 
that with what followed, but I cannot overlook it. 
On the sixth postoperative day she had some 
spaghetti and after that she had dull nonradiating 
epigastric pain, which became worse, and she vom- 
ited yellowish material. This pain was steady and 
increased in severity, with a sort of girdle radiation, 
but did not go straight through into the back. Later 
on there was more pain on the right side. I think 
I can assume that something new had come into 
the picture at that time. My first reaction is to 
attempt to correlate that something new with the 
slight fever or the operation; I must confess I find 
it very difficult to associate the two. For the mo- 
ment, I am going to assume that the 
something new was not a direct complication of 
the operation itself or of the condition causing the 
fever that occurred after the operation. 

The next question is, What does that attack 
of pain suggest? It in no way suggests a small- 
bowel obstruction to me because the onset of pain 
was not sudden and the pain was not colicky. It 
had no relation to the duodenal ulcer because there 
was not a penetration or perforation of that ulcer. 
This woman had not had any recent symptoms 
from the ulcer. I am content, since the character 
of the pain was not sudden, severe and sharp, and 
physical examination was negative, to over- 
the fact that she had the duodenal ulcer. 

The pain suggests more strongly than anything 
else pain referable to the biliary tree, and the symp- 
toms were consistent with biliary-tract 
disease. The pain was dull at first, and grew worse 
and worse; the patient became nauseated, and vom- 
ited larger amounts of material than one would 
have expected her to vomit. The negative physical 
examination is entirely in keeping with an attack 
of gallstone colic. W 


prised at an entirely negative physical examination 
early in the attack. But the pain persisted; that 
makes me throw out a simple so-called gallstone 
attack. Pain with gallstones may become so severe 
that the patient is given morphine after which the 
pain disappears spontaneously. The fact that this 
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as well as a bloating epigastric discomfort. There 
was now marked abdominal distention, with tym- ) 
ness on respiration, and Murphy’s sign was not 
present. No abdominal spasm was noted. High- 
pitched tinkles were heard on auscultation of the 
epigastrium and left upper quadrant. Examination 
of the chest was negative. The white-cell count 
was now 21,800. 
A plain film of the abdomen revealed tremendous 
dilatation of the stomach (Fig. 1). Superimposed 
on the antral shadow was a dilated segment of upper 
small bowel. There was a small amount of gas in 
the large bowel. 
. Eight days after the first operation another oper- 
ation was performed. 
DirrerentTiat Diacnosis 
Dr. Letanp 8. Before picking 
a few of the findings, I should like to have the whole 
picture, which would include the x-ray findings. 
Dr. Joun F. Gissons: This film of the pelvis 
taken immediately after admission shows the 
markedly deformed femur, with no recognizable 
abnormal soft-tissue masses that I can see. 
ee was probably high; therefore, I would not be sur- 
go with tf iim. 
Dr. Grissons: I should agree with that. 
Dr. Mekrrraicx: Just to go back over this 
patient’s pain persisted means that it cannot be 
explained on the basis of an uncomplicated attack 
of gallstones. 
postoperative day although she had two transfusions 
during operation; I am not sure that that is of any 
significance. I do not know how much blood a 
ee persisted, and it may be significant that she became 
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more distended, that the white-cell count rose to 
16,000 and that she had tenderness across the ab- 
domen. Midepigastric tenderness was mentioned. 
I do not know how anybody else interprets mid- 
abdominal tenderness, but I do not even palpate 
in the midabdomen for tenderness because I do 
not think anyone can interpret tenderness felt over 
the great vessels. To me midepigastric tenderness 
alone means nothing whatsoever. Tenderness to 
mean anything to me must be on either one side 
or the other of the midline so I shall disregard that 
midepigastric tenderness. I shall not disregard 
the statement that she had some tenderness run- 
ning across the abdomen. That tenderness was 
f true this is really significa 
How am I going to add all these symptoms up? 
The pain, I gather, was quite severe to begin with. 
Its severity lessened, but some discomfort persisted. 
The patient vomited a good deal. She never had 
any real abdominal spasm, but she had tenderness 
in the epigastrium, which I shall overlook, and in 
the left hypochondrium, which I shall not over- 
look. She had one attack that started as a gall- 
stone attack would but did not let up as a simple 
gallstone attack should have done. The symptoms 
persisted. She had no localizing signs, and she had 
distention with at first tenderness across the stomach 
and then definite tenderness in the left hypochon- 
drium. The white-cell count rose to 21,000, and 
the serum amylase was 14 units. I find it very diffi- 
cult, with those symptoms, to make an intelligent 
differential diagnosis because I do not know what 
to include. The only diagnosis that I can make, 
which I am sure is the wrong one, is acute pancre- 
atitis. I am excluding acute cholecystitis because 
to make such a diagnosis reasonable tenderness 
localized in the right upper quadrant and probably 
muscle spasm or a mass should have been present. 
Why do I say acute pancreatitis? The attack 
of pain suggesting gallstones, the persistence of 
pain and the absence of localizing signs in the right 
upper quadrant, but with tenderness in the left 
hypogastrium, are in keeping with pancreatitis. 


The serum amylase is not, but I do not think this 


alone negates the diagnosis. I have to make a diag- 
nosis, and I feel compelled to come up with that. 
I am sure everyone is aware of a situation that 
is disturbing many of us — that is, the association 
of acute pancreatitis with operations. We see it 
more frequently with operations on the 

particularly resections, and sometimes with oper- 
ations on the biliary tree; in a few cases pancreatitis 
has been a postoperative complication of or at least 
associated with surgery other than abdominal sur- 
gery. Dunphy, Brooks and Achroyd* recently 
reviewed the records of a group of patients with 
postoperative pancreatitis at the Peter Bent 


At least there is a background for pancreatitis 
although that diagnosis probably is not justified 
on the evidence that I have before me. Having 
been thinking rather simply in a straight line in 
this case, and having no other acceptable diagnosis, 
I am compelled to end up by saying the only diagno- 
sis I can make is acute pancreatitis. 

Dr. Cuester M. Jones: Dr. McKittrick, would 
you be willing to say that although it is impossible 
to make an absolute diagnosis here, it is more im- 
portant to make a decision to do something? 

Dr. McKitraicx: That is true. Every once 
in a while one is forced to make the decision for 
or against operation, sometimes without a diag- 
nosis; perhaps that was the situation here. If, on 
seeing this patient, I had made the diagnosis of 


Dr. Tatmace W. Nietsen: Is that large amount 
t with a diagnosis of pancre- 
atitis 

Dr. Mekrrraicx: No; it bothers me. 

Dr. Nietsen: I think the patient vomited about 
2000 cc. in the basin at one sitting. 

Du. McKrrraicx: I did not know that. It is 
not characteristic of pancreatitis. Patients with 
pancreatitis characteristically are nauseated, feel 
they cannot eat and may vomit a little at a time 
but do not vomit as much as 
this patient did. That makes me wonder whether 
she had an acute dilatation of the stomach, with 
the point of atony probably extending to the superior 
mesenteric vessels, but there is nothing in the record 
to indicate the type or total amount of vomitus; 
therefore, I cannot end up with that diagnosis. 

Dr. Nietsen: Is this vomiting consistent 
ith an acute cholecystitis 

Dr. McKirrrick: No. 
and recorded, that warrants a diagnosis df acute 
cholecystitis. 

Dr. Metvin J. Guiuucner: Three points were 
not brought out or made clear. The first is that 
this patient was on streptomycin and penicillin 
therapy for the entire postoperative period because 
of the cup arthroplasty. This was a critical point, 
which helped shape the service diagnosis. The 
second is that the distention developed in the morn- 
ing after the second episode of pain during the night. 
The first episode of pain occurred in the evening. 
In the morning she was put on an ulcer regimen, 
and the pain completely cleared up and she was 
free of symptoms and did not vomit. During the 
following night pain and nausea and some vomiting 
recurred, and the next morning she began to vomit 
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Brigham: Hospital; I believe it occurred in 1 or 
2 cases after thyroidectomy, although most of them 
followed abdominal operations. The mechanism 


large amounts of yellowish material; she became 
very distended and had high-pitched tinkles in 
the left epigastrium and upper abdomen. The 
third point is that the left-upper-quadrant tender- 
ness was present only throughout the first night; 
it did not persist in the left hypochondrium, and 
was never a prominent feature of the physical ex- 
amination. 

Dr. McKittrick: These good friends are trying 
to talk me into making the correct diagnosis, but 
they are not making any headway, because I still 
do not know. 


?Small-bowel obstruction. 

Acute cholecystitis with impaction of gall-bladder 
ampulla in foramen of Winslow (after pre- 
operative medication). 

Dr. Letanp S. Mekrrraicx's Diacnosis 

Acute pancreatitis. 

Anatomica Diacxosis 

Acute cholecystitis with impaction of gall-bladder 

ampulla in foramen of Winslow. 
PaTHo.ocicat Discussion 


Dr. WILLIAM P. J. Peete: At the time the patient 
went down to the operating room it was thought 
that she had an acute s obstruction. 
When she received medication, of course, we ex- 
amined her again, and I thought I could make out a 
small mass in the right upper quadrant. In addition 
we knew that she had received penicillin and strepto- 
mycin so we reasoned preoperatively that she had 
acute cholecystitis with an impaction of the ampulla 
of the gall bladder into the foramen of Winslow. 
I have seen other gall bladders with a flabby ampul- 
la; this was distended and accounted for obstruction 
of the duodenum here. That is what she did have 
at operation. 

Dr. McKirrricx: That was perfectly all right. 
I cannot consistently make a diagnosis of acute 
cholecystitis with diffuse upper abdominal symp- 
toms. The symptoms must localize in the right 
upper quadrant. Otherwise, there must be some 
other explanation. The explanation for this pa- 
tient’s symptoms must have been a complication. 
Since the symptoms did not localize, I chose the 
next commonest diagnosis, pancreatitis, with which 
the symptoms are more diffuse. The vomiting 
was wrong for both of them. : 

Dr. Peete: That is why we postulated an ob- 
struction in addition to the acute cholecystitis. 
I think if you had seen the patient you would have 


Dr. Winrietp S. Morcan: The gall bladder 
was removed; it measured about 8 cm. long and 
8 cm. in circumference, was dark greenish purple 
and contained stones. Microscopically, it showed 
an acute inflammation, with gangrene. 
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Dr. MekKkrrraicx: Was the gall bladder high 
in position? 
Dr. Peete: No; it was bound down very tightly 
by the peritoneum overlying it. 
— McKittrick: Was it below the costal mar- 
gin 
Dr. Peete: No; it was at the costal margin. 


CASE 39322 


PRESENTATION OF CASE 


A sixty-one-year-old woman was admitted to the 
hospital because of progressive weakness, edema 
and shortness of breath for three weeks. 

The patient was in good health until seventeen 
years before entry, when a severe left-sided pneu- 
monia complicated by three days of anuria or oliguria 
and followed by ankle edema . One year 
later she was again admitted to the hospital because 
of another episode of pneumonia of the left lower 
lobe (Type 7 pneumococcus), with auricular fibril- 
lation at a rate of 160, requiring digitalization. 
Later in the illness an aortic systolic murmur was 
heard. The blood pressure was 130 systolic, 70 
diastolic. There was albuminuria during the febrile 
period, but this later cleared. Argyria was noted. 
The cardiac rhythm reverted to normal after recovery 
from pneumonia. Since this episode of pneumonia 
she had noted a heart murmur, which she could 
hear and feel. Nine years before admission while 
she was under anesthesia for a pelvic repair, the 
blood pressure suddenly dropped, and the operation 
had to be discontinued. She did well until twenty- 
one months before admission, when she first noted 
exertional dyspnea. Shortly afterward, while climb- 
ing stairs, she fainted for the first time, and she 
again fainted ten days later while climbing stairs. 
She had since been maintained on digitoxin and 
had improved with bed rest and digitalization. 
Three months before admission she noted a pressure 
sensation in the sternum and epigastrium associated 
with a cold. She also had ankle edema. Her physi- 
cian found the liver to be enlarged. She improved 
after ten days of bed rest but had led a bed-to- 
chair existence ever since. For the past month she 
had had increasing weakness, dyspnea, anprexia, 
ankle edema and weight loss. Along with digitoxin 
and a low-sodium diet she received Mercuhydrin 
injections, with only slight increase in urinary out- 
put. She stated that she was no longer able to hear 
or feel the heart murmur. 

She had a history of using argyrol nose drops 
for upper respiratory infections for over nine years 
and had had argyria for many years. 

On physical examination the patient had moder- 
ate dyspnea and orthopnea. The skin was a bluish- 
gray color consistent with argyria. The neck 
veins were distended. The lung bases were dull, 
with scattered, fine rales. The heart was enlarged, 
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the border extending 12 cm. to the left of the mid- 
sternal line. The cardiac rhythm was regular, with 
occasional runs of rapid, regular beats. There was 
a Grade 4 aortic systolic murmur, with a Grade 4 
thrill transmitted to the neck vessels, and a Grade 3 
aortic diastolic murmur transmitted downward 
and backward. The aortic second sound was absent. 
Heart sounds at the apex were of poor quality. The 
liver edge was not felt although the liver was bal- 
lotted 3 fingerbreadths below the costal margin. 
There was +++ ankle edema and ++ sacral 
edema. 

The temperature was 97.8°F., the pulse 80, and 
the respirations 18. The blood pressure was 110 
systolic, 95 diastolic. | 

A urine specimen had a specific gravity of 1.018 
and gave a +-+ test for albumin; the sediment con- 


Ficure I. Roentgenogram of the Chest. 
Note the cardiac enlargement, chiefly of the left ventricle, small 
pleural effusion, left base, and engorgement of the pul- 


monary vessels. 


tained 250 white cells per high-power field. Exami- 
nation of the blood revealed a hemoglobin of 14.4 
gm. per 100 cc. and a white-cell count of 14,800, 
with 86 per cent neutrophils. The serum nonprotein 
nitrogen was 70 mg., the total protein 5.5 gm., the 
albumin 2.9 gm., and the globulin 2.6 gm. per 100 
cc. The sodium was 139 milliequiv., the chloride 
101 milliequiv., the carbon dioxide 34 milliequiv., 
and the potassium 5.8 milliequiv. per liter. A roent- 

m of the chest revealed great enlargement 
of the heart shadow, which almost reached to the 
left chest wall (Fig. 1). It was believed that the 
left ventricle and possibly the right ventricle were 
enlarged. The aorta was moderately tortuous, and 


the hilar and pulmonary vascular shadows were 
engorged. There was a considerable amount of 
fluid in the left pleural space. An electrocardiogram 
showed a bizarre record in which there was a dis- 
sociation of the auricular and ventricular rhythms, 
both regular, and a shifting intraventricular con- 
duction. 

In the hospital, the patient initially responded 
to diuretics with loss of weight but after about two 
weeks again began to retain fluid. A second electro- 
cardiogram on the tenth hospital day revealed 
auricular fibrillation. The temperature, pulse and 
respiration during this period, however, were normal. 
On the seventeenth hospital day she complained 
of considerable dyspnea. She denied chest pain. 
On physical examination there was auricular fibril- 
lation at a rate of 130. The neck veins were dis- 
tended, there were signs of a small left pleural effu- 
sion, and there were rales at the right base. The 
blood pressure was 110 systolic, 95 diastolic. The 
temperature was 99°F., and the pulse 120. She was 
given an extra dose of digitalis, but on the next day 
she was more dyspneic; there were moist rales over 
both bases extending up to the angles of the scapulas. 
She was coughing up small amounts of frothy ma- 
terial. During the next week her condition was 
about the same, with little change in the lung find- 
ings. The temperature was irregular, the highest 
elevation being 100°F.; the pulse varied from 70 
to 140. On the twenty-fifth hospital day the aortic 
diastolic murmur was louder than the aortic systolic 
whereas previously the reverse had been true. The 
patient became lethargic and oliguric, and terminally 
she was comatose and had irregular respirations. 
On the thirtieth hospital day while being turned 
in bed she suddenly died. 


DiFFerRENTIAL Diacxosis 


Dr. Artan L. Friepuicn*: I should like to re- 
solve this patient’s problems into three parts; the 
first problem seems to be concerned with the two 
episodes of pneumonia seventeen and sixteen years 
before admission. If she had been a child, I might 
consider the fact that repeated respiratory infections 
and pneumonia are quite common in persons with 
large left to right shunts, such as one sees in defect 
of the atrial septum or patent ductus arteriosus. 
Were those episodes of pneumonia related in any 
way to subsequent events? We have become skepti- 
cal about the diagnosis of pneumonia for two reasons. 
At times pulmonary edema may be confused with 
a virus pneumonia; and we have become much more 
sensitive to the possibility of pulmonary infarcts, 
which may simulate the clinical picture of pneu- 
monococcus pneumonia. Two findings tend to 
point in the direction of pulmonary infarction as 
the cause of the second episode of pneumonia; one is 
the onset of auricular fibrillation, and the other 
the fact that edema of the ankles followed that 


Assistant in medicine, Massachusetts General Hospital. 


* ts 
* 
* 4 7 
4 
* 
4 


episode. But in this case a pathogenic pneumo- 
coccus was isolated, and in the absence of any further 
information I have to assume that she had pneu- 
mococcal pneumonia. The transient albuminuria 
and oliguria are probably consistent with the febrile 
reaction, although acute glomerulonephritis may 
occur after pneumococcal infection. The urinary 
findings do not substantiate that. An interesting 
point is the apparent temporal relation between 
the second bout of pneumonia and the onset of 
the loud systolic murmur, which the patient was 
able to feel and to hear. If such an episode had 
occurred in recent years, I should consider the pos- 
sibility that she had contracted a pneumococcal 
endocarditis, which was then cured and left a scarred 
aortic valve. Because this episode occurred at 
least sixteen years ago, before penicillin was avail- 
able, the statistical likelihood of her being able 
to survive a bout of acute bacterial endocarditis 
is almost nil. In conclusion I should think in all 
probability that the two episodes of pneumonia 
bore no relation to subsequent events. 

The second problem is to determine the nature 
of the structural abnormality in the heart causing 
the aortic murmur. The description is certainly 
that of aortic stenosis and regurgitation. Occa- 
sionally, other conditions are confused with this 
one. In coarctation of the aorta a diastolic element 
to the murmur may be present, but if the blood 
pressure was measured in the right arm rather than 
the left, I can assume by the absence of hypertension 
that a coarctation was not present. The murmur 
of patent ductus arteriosus may also be confused 
with that of aortic stenosis and regurgitation, but 
here again the narrow pulse pressure virtually rules 
that out. There are a few rare possibilities that 
we might consider such as a dissection of the aorta 
with a double-barreled aorta. There was no history 
of pain, and a story of sixteen years’ duration is 
long for dissection of the aorta, as well as for a ball- 
valve thrombus in the left ventricle resulting from 
an old myocardial infarct and obstructing the aortic 
valve. I think we can eliminate both possibilities. 

There was no history to suggest a congenital 
aortic stenosis. She may have had a congenital 
bicuspid aortic valve, which is not an uncommon 
condition and which may be associated with pre- 
mature deposition of calcium and the development 
of aortic stenosis. Another remote possibility is 
syphilitic aortic aneurysm that produced the systolic 
murmur, the diastolic murmur being due to the 
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aortic regurgitation on the same basis. It would 
be unusual for the systolic murmur to be of this 
intensity with an aortic aneurysm. Is there any 
report about the serology? 

Dr. Winrieip S. Morcan: I can find no note 
in the record of a serology report. 

Dr. Friepuicn: I believe that the most likely 
explanation is that this patient had rheumatic 
heart disease with aortic stenosis and regurgitation, 
probably with a high degree of stenosis and a slighter 
degree of regurgitation as judged by the fact that 
the diastolic pressure was well maintained. This 
would explain a number of the features of her dis- 
ease. In the first place she had a number of fainting 
episodes, which are common in severe aortic stenosis 
but are also common in pulmonary embolism. She 
had progressive symptoms and signs of failure first 
of the left and then of the right ventricle. She had 
an extraordinarily narrow pulse pressure of only 
15 mm. of mercury, which is suggestive of severe 
aortic stenosis. The loud murmur and thrill with 
transmission up the neck veins, the absent aortic 
second sound and the aortic diastolic murmur are 
all characteristic. 

May I look at the x-ray films of the chest? 

Dr. Joun F. Gissons: The heart is enlarged; 
apparently the left ventricle is the most enlarged 
of the chambers (Fig. 1). The fluoroscopist thought 
the right ventricle was also probably enlarged. There 
is a suggestion of a double shadow in the antero- 
posterior view, which would make it seem that the 
left atrium is also slightly enlarged. The aorta is 
tortuous in its ascending portion. The knob is ap- 
parently of normal size and contains some calcium. 
The descending aorta as seen here is wide, and there 
is a small bulge of the arch as it starts downward. 
There is fluid in the posterior part of the left lung 
base. The protocol stated that the amount was 
considerable; I do not think there was very much 
fluid. The pulmonary vessels are moderately en- 
gorged. 

Dr. Friepuicu: Did the fluoroscopist see any 
calcification in the aortic valves? 

Dr. Gissons: No; he did not mention any, and 
I do not see any on the films. There is a small scar 
in the upper lobe that may have been due to the 
old pneumonia. 

Dr. Friepuicu: Do you think there was sufficient 
dilatation of the aorta really to constitute a proper 
aneurysm? It is more in line with senile ectasia. 
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_ Dr. Gresons: I think it is not unusual to have 
a a bulge like this in an aorta that is quite wide and 
tortuous. 

Dr. Friepucn: The third problem, which is 
the hardest of all, is whether the course of the ter- 
minal illness can be explained solely on the basis 
of the pre-existing mechanical cardiac difficulty. 
The patient had a severe degree of aortic disease — 
I am postulating the onset of failure almost two 
years before entry with temporary improvement 
on digitalis. She then had an inexorably downhill 
course, with progression of congestive heart failure 
for three months before death. This is consistent 
with the presence of severe aortic disease. In pa- 
tients with rheumatic valve disease who die in con- 
gestive heart failure even at this late age, Gross* 
pointed out some years ago, that Aschoff bodies, 
if carefully searched for, may be found in quite a 
high proportion of cases — at least in those in which 
there is not another cause for congestive heart fail- 
ure. It is conceivable that the combination of the 
valvular defect and active rheumatic fever even 
at this age would be possible. The electrocardiogram 
in this case is not much help to me. I assume that 
the dissociation between the atria and ventricles 
was not of the complete atrioventricular variety 
because the pulse rate was not slow enough for 
that. Therefore I suspect that the patient had 
a variety of nodal rhythm in which the rate of the 
atrioventricular node was a little faster than that 
of the atrium and that the phenomenon known 
as interference and dissociation was present. This 
is seen under a variety of circumstances, most fre- 
quently with vagal stimulation or with excess digi- 
talis. 

Several features of the course, however, make 
me suspect that something else was going on. An 
_isolated pleural effusion on the left is uncommon 
in congestive heart failure, and this makes one 
suspect pulmonary embolism. Additional suggestive 
evidence of pulmonary emboli are the elevated 
white-cell count, the occurrence of fainting episodes 
and the occurrence of rapid auricular fibrillation. 
However, we have no positive evidence of pulmonary 
infarction. 

The patient certainly had some renal disease. 
There were white cells in the urine, albuminuria, 
a high nonprotein nitrogen, a high potassium level 
and oliguria. The sodium level was normal so that 
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I cannot ascribe these findings to the so-called low- 
sodium syndrome. I am concerned, in addition 
to the underlying cardiac disease, about the pos- 
sibility of subacute bacterial endocarditis. I should 
like to consider that because it is an especially in- 
sidious disease in elderly patients; it is easily over- 
looked, and it can explain several things. In the 
first place the rapid downhill course followed a 
respiratory infection, and a history of preceding 
respiratory infections is even more common in 
subacute bacterial endocarditis than a history of 
tooth extraction. She had weight loss that must 
have been considerable because she lost weight 
while she was putting on edema; that would fit 
with bacterial endocarditis or equally well with an 
extensive hidden neoplasm, for which again there 
was no evidence. There is a suggestion in the record 
that one of two things may have happened: either 
the aortic systolic murmur became less, which is 
not uncommon as failure progresses, or the murmur 
of aortic regurgitation became more prominent; 
but I think it is a minor point. A more important 
point is that she had evidence of renal insufficiency, 
which could be explained by a focal embolic glomeru- 
lonephritis or a diffuse gl lonephritis, both 
of which may also accompany subacute bacterial 
endocarditis. There are many points against sub- 
acute bacterial endocarditis. She had almost no 
fever, no splinter hemorrhages under the finger- 
nails, no clubbing and no splenomegaly; neverthe- 
less, I favor this possibility. I think it should be 
considered strongly, particularly because it is a 
potentially remediable disease. I am left with the 
impression that the patient had argyria, rheumatic 
heart disease, with aortic stenosis of a severe degree 
and slight aortic regurgitation, severe congestive 
heart failure and subacute bacterial endocarditis, 
with renal impairment on that basis. 

A Prysictan: Do you think there is a relation 
between argyria and the cardiac status? 

Dr. Friepuica: No; only when it is misinter- 
preted as congenital heart disease. 

Dr. Letanp S. McKittrick: Why did she die 
suddenly? 

Dr. Friepuicu: Patients with aortic stenosis 
do die suddenly. From the description of the ter- 


-minal illness her death did not seem to be very 


sudden; she seemed to have been quite sick for a 
long time. 

Dr. Cuester M. Jonas: Is it not unusual to 
have a subacute bacterial endocarditis with this 
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degree of renal involvement and to have no red 
cells in the urine? I think that casts reasonable 
doubt on the diagnosis. Could a mural thrombus 
have been the cause of sudden death? She appar- 
ently died suddenly as she was being turned in bed. 

Friepticn: That was one of the things that 
I considered. The other thing that may have played 
a role is invasion of the ventricular septum by calcific 
deposits extending from the calcified aortic valve. 
This can produce Stokes-Adams attacks. 


Cuinicat Diacnosis 

Rheumatic heart disease, with aortic stenosis 
and insufficiency. 

?Bacterial endocarditis. 
Dr. F. Friepuicn’s Diacnoses 

Rheumatic heart disease, with severe aortic steno- 
sis and slight aortic regurgitation. 

Subacute bacterial endocarditis, with renal failure. 

Congestive heart failure. 

Argyria. 


AnaTomicaL DiaGnoses 


Pulmonary embolism and infarction. 
Mural thrombi, both atria. 
Nephrosclerosis. 


PaTHOLocicaL Discussion 


Dr. Morcan: At autopsy the lungs were sur- 
prisingly clear of congestion or edema and weighed 
about 700 gm. The branch of the pulmonary 
artery supplying the left lower lobe was partially 
occluded by adherent mottled red and gray emboli, 
and there were two infarcts in the left lower lobe, 
the largest of which measured 3 cm. in greatest 
dimension. These were brownish and microscopi- , 
cally showed advanced stages of organization, which” 
would be consistent with the acute episode of dysp- 
nea that occurred about thirteen days before death. 
The pericardial sac contained about 100 cc: of clear, 
serous fluid but was otherwise not remarkable. The 
heart was much enlarged and dilated, weighing 
510 gm. There was a severe calcific aortic stenosis, 
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the aortic lumen being fixed and measuring about 
1 cm. long and 0.3 cm. across. There was no bac- . 
terial endocarditis, and all three of the aortic cusps 
were identified. Aside from moderate calcification 
of the annulus the mitral valve was completely 
normal. There were mural thrombi in both atria, 
those in the right undoubtedly having given rise 
to the pulmonary emboli. The kidneys did not 
appear as severely affected as we might have ex- 
pected from the clinical story; there was moder- 
ately severe nephrosclerosis and some evidence of 
old pyelonephritis but nothing acute. Two inci- 
dental findings were several small ulcers in the 
transverse colon, six or more, and an area of fat 
necrosis in the pancreas. The etiology of these we 
cannot definitely explain, but it may have been on 
the basis of small emboli. were no embolic 
changes in the kidneys. 

Dr. Faiepuicn: What was the nature of the pleural 
fluid? Could we have established the diagnosis 
if it had been withdrawn before death? 

Dr. Morcan: This was a small loculated col- 
lection of clear, serous fluid. 

Dr. Frizepuicn: That does not help. 

A Puysician: Were there Aschoff bodies? 

Dr. Morcan: There were focal areas of fibrosis 
in the myocardium that we usually consider to 
be on the basis of ischemia, but we found no evidence 
of changes that we might attribute to old rheu- 


stenosis is, of course, one that has been argued for 
many years, one school believing that the changes 
in the aortic valve were due to arteriosclerosis, and 
the other that they indicated previous rheumatic 
endocarditis or some bacterial infection. Most 
recent authors have concluded that the disease was 
rheumatic in origin. In the case under discussion, 
we believed that the severity of the pneumonia 
sixteen years before admission and the time relation 
of development of cardiac findings strongly sug- 
gested that the patient had a pneumococcal endo- 
carditis of the aortic valve coincident with her 
bout of pneumonia, from which she recovered but 


from which the calcific aortic stenosis developed. ~ 
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HEALTH PROGRAM FOR FEDERAL 
EMPLOYEES 


A HEALTH program for federal employees was 
established by action of the Seventy-Ninth Congress 


in 1946 (Public Law 658). The program got under 


way in 1948 and has recently been transferred to 
the Department of Health, Education and Welfare 
under the direction of Dr. Joseph Weisskopf. 
Approximately 50,000 persons are covered by 
this program and its degree of utilization is high, 
40,000 persons (not necessarily representing the 
original 50,000 covered, since the personnel is to 
some extent transient) having participated. The 


two major objectives of the program are to serve 


the federal employee by helping him to retain opti- 
mal health while on the job, and to serve the employ- 


er (the Government, including all taxpayers) by 
increasing or continuing production through the 
establishment and maintenance of methods and 
standards that make it possible for the employee 
to remain in optimal health in his total work envi- 
ronment. 

No attempt is made to give medical care. The 
system is patterned on that used in private industry. 
Emergency care is provided for those injured on 
the job. Employees needing medical or surgical 
attention are referred to private physicians and 
dentists. 

The various governmental agencies are authorized 
to establish this program and to allow the sum of 
$9 per person per year in their budgets to pay for it. 
When possible, public-health nurses and physicians 
are utilized. The employee’s own physician is given 
all necessary information. In case of an occupational 
injury, federal facilities for treatment are available, 
and full medical care is given. 

There has been little or no opposition by the 
profession to this plan when it has been completely 
understood. There is no effort to supplement or to 
interfere with private practice. Indeed, it is said 
that private practice is increased by the health 
program. At the present time in the Boston area 
only the general services such as the housekeeping 
services at the post office are included. 

A copy of the law and a statement of the policy 
of administration together with certain data con- 
cerning experience during the past five years are 
on file in the office of the Director of Medical In- 
formation and Education of the Massachusetts 
Medical Society, and may be consulted by interested 
fellows. 


AN ANTIVIRAL SUBSTANCE DERIVED 
FROM A PENICILLIUM 

Tue term “broad spectrum” has been applied to 
certain antibiotics because they are active against 
both gram-positive and gram-negative bacteria 
and also against rickettsias and some viruses; The 
implication of the “antiviral activity” of these 
drugs (as distinct from their antirickettsial action) 
has often been interpreted literally, particularly by 
uncritical clinicians, to indicate effectiveness against 
all viruses when, in fact, their only significant anti- 
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viral action, both in laboratory animals and in 
patients, has been limited to the large 
of the psittacosis-trachoma-lymphogranu- 
loma venereum group. Recently, Shope* de- 
scribed a substance derived from a culture of 
Penicillium funiculosum that appeared to eert a 
favorable effect against infections with small viruses. 
The cultures of P. funiculosum when first isolated 
proved capable of elaborating a substance that 
exerted a favorable therapeutic effect against in- 
fections with the swine influenza virus in white mice. 
Those cultures, however, were extremely variable 
and irregular in their production of the antiviral 
substance, and during maintenance in the labora- 
tory for several years gradually lost this n 
Efforts to restore it were unsuccessful. 

- Subsequently, i it was found that the mold elab- 


mice. This new substance appears to differ from 
the earlier one that was active against the swine 
influenza virus, but it was found to exert an even 
greater therapeutic effect against Semliki Forest 
virus infections of mice than against the Columbia 
SK virus. The ultimate significance of this discovery 
is difficult to assess at present, for the studies re- 
ported do not go beyond the description of the 
properties of the agent and its effectiveness in mice 
against the viruses mentioned. If it does nothing 
else, however, it should serve to bolster the morale 
and courage of the many frustrated workers in 
this field who have thus far been unsuccessful in 
“true” viruses. 

Of some interest is the source of the organism 
that produces the new antiviral substance and its 
designation. It is to be recalled that the strain of 
penicillium that led to the discovery of penicillin 
was isolated as a contaminant on an agar plate on 
which a culture of staphylococcus had grown. 
Fleming’s curiosity had been aroused because of 
the clear zone of lysis of the staphylococcal colonies 
surrounding the growth of the contaminating mold. 
Most of the other well known antibiotic agents — 
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capsular polysaccharides of Type 3 pneumococcus, 
gramicidin, streptomycin, chloramphenicol, aureo- 
mycin, terramycin and erythromycin — were prod- 

ucts of systematic studies of micro-organisms de- 
rived from soil. The soil samples were usually 
collected from places where the decomposition of 
organic matter was expected to take place (namely, 
from heavily manured or mulched fields, from peat 
bogs or various composts of grains, grasses or leaves). 
All these were specifically screened with the express 
purpose of finding antimicrobial substances or the 
organisms that ‘might produce them. The names 
of these active agents were usually chosen so as to 
connote the organisms from which they were de- 
rived, their activity, chemical structure, or even 
the places where they originated, except for baci- 
tracin, which was named after the patient from 
whom the antibiotic-producing organism was 


The organism that produces the new antiviral 
substance was isolated by Shope from the isinglass 
cover of a photograph of his wife Helen, on Guam, 
near the end of the war in 1945. To designate this 
substance in terms less cumbersome and more 
specific than “antiviral substance or material,” 
Shope named it helenine. This name was selected, 
“partly because it is non-descriptive and non- 
committal . . . but largely out of recognition of 
the good taste shown by the mold producing the 
substance in locating on the picture of my wife, 
Helen, at the time of its isolation.” It is to be hoped 
that helenine will be the forerunner of other really 
useful and effective antiviral agents, better than 
launching any number of ships or burning Ilium’s 


“LOOK MUMMY; NO HANDS” 

Max to October, the Metropolitan Life Insurance 
Company reports, is that period of the year so 
felicitous in many ways when two thirds of the 
country’s 600 bicycle fatalities occur. The motor 
car, ofcourse, is an all-season and all-weather 
hazard; dry roads and mild weather now bring to 
the streets and highways the surprising total of 
21,000,000: bicyclists — more than double the pre- 
war number of the anachronistic free-wheelers. 


Orated a substance therapeutically effective against _ 
Columbia SK encephalomyelitis virus infection in isolated. , 
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Additional data produced by the Metropolitan 
statisticians indicate that 90 per cent of the deaths 
are among males and 70 per cent are of boys be- 
tween the ages of five and nineteen. Eighty per 
cent of the fatalities are the result of collisions with 
motor vehicles, the remainder being due to falls, 
running into fixed objects, collisions with railroad 
trains and fatalities among pedestrians. 

On the whole, the fantastic eccentricities of pro- 
gression in which cyclists indulge are mainly re- 
sponsible for the mishaps to which they are suscep- 
tible. Cutting in, crossing traffic lanes and carry- 
ing extra passengers on a bicycle built for one are 
contributory causes to these preventable disasters. 
No statistics are available on the number of nervous 
breakdowns occasioned among motor-vehicle opera- 
tors by these butterflies of the open road. 


— 


In the course of a recent conversation with a 
medical gemleman, he expressed a regret that we 
had not a heavy Journal in New England, in 
which articles of fifty pages or more in length 
could have insertion. 

Boston M. & S. J., August 10, 1853 
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MASSACHUSETTS DEPARTMENT 
OF PUBLIC HEALTH 
COMMUNICABLE DISEASES IN 
MASSACHUSETTS FOR JUNE, 1953 
Résumé 
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Geocrapuicat Distaisution or Certain Diseases 
The following diseases were reported from the communities 
Diph theria: Boston, 2; New Bedford, 1; total, 3. 
Dysentery, : 4; I Hiagham, 2; 
Shrewsbury, 1; Woburn, 1; Worcester, 4; 14. 
: itis, infectious: A 1; 2; 
17; Cambridge, 1; Chicopee, 2; boogie, ty 
1; Neweon, 1; Somers Spring 
field, 6; Sutton, 1; Warren, 1; Welly, 1; Worcester, 
m, 2; total, 70. 


1 meningococcal: Arlington, 1; 1; Casver, 


bacillus: Natick, 1; Stoughton, 1; West 


Chancroid 1 5 4 
Diphtherie 3 0 21 
Encephalitis, infectious 4 4 
German measles .............. 821 3031 437 
155 
Hepatitis, 5 
p anuloma venereum .. 
Meningitis, Peiffer bacillus .... 3 
Meningitis, pneumococcal ..... 1 
— 4 
Polomyelit is 7 
K. 154 1 
other forme 9 
ndulant 4 
Whooping cough ............. 150 
*I ncludes streptococcal sore throat. 
tFour-year median. * 
Comment 
Diseases below the seven-year median incladed chicken poz, 
diphtheria, measles, scarlet fever and w ing cough, 
Three cases of diphtheria were reported in june. This brings 
the total number of cases for the six months since January 1 
in tory state. on 
MASSACHUSETTS MEDICAL SOCIETY ~The 351 cases of measles reported make this the lowest te- 
corded figure, by a considerable margin, for the month of June. 
— — of scarlet fever was of Pune — 
y 8 Diseases above the seven-year median were y dysen- 
tery, German measles, infectious hepatitis (four-year )» 
Sl Because infectious hepatitis has been a reportable disease only 
„ « to more complete reporting. a result, a more accura 
he 
ince mumps is fa alent beginning 
DEATHS seston, caet of meningitis are likely to 
Cocsweut — p. M.D., of Cambridge, died be mistaken for poliomyelitis. The meningitis can occur even 
on July 14. He pony — year. in the absence of swelling of the parotid glands. 
. Cogswell received hie degree from Harvard Medical School 
in 1893. He was senior physician at Mount Auburn Hospital 
for many years. He was a fellow of the American Medical 
Association. 
He is survived by a daughter, a son, eight grandchildren and 
great-grandchild. 
Jounson — Leighton F. Johnson, M.D., of Brookline, died 
on July 21. He ‘was in his lr. year. 
of Mi 
t 
fessor of otolary of 
nivers! ne. 
He was a former ro the Norfolk District Medical Soci. 
— 
Dr. ie his widow, two two 
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Meningitis, pneumococcal: Holyoke, 1. was 12,400, with 79 cent neutrophils and no increase in 
Meningitis, 1; Fitchburg, 1; On the fourth — 

Marblebead, 1; Quincy, 1; total, 4. cent i no eosi i 
Fotomate: Chek, 1; East Longmeadow, 2; Haverhil within normal limits. 
2; 1; , 7. months later a skin test was perform 
Shrewsbury pals given 250 uni spens 
ter, 2; lly. Withi 
I. 1 Sp te of injection, aa 
: ton, I;: es over the bo anc 
Typhoid fever: Boston, I tes dyspnea, cough, marked pallor and 
Shrewsbury, 1; * rred. She was immediately given 0.8 
Undulant fever: Easton, l of epinephrine intramuscularly. Withir 
martedly improved. The pulse rate 
lar; the blood pressure was 70 systoli 
dyspnea had di red. This 
CORRESPONDENCE ion of | ce. of Histadyl, and at the 
minutes, except for some shakiness, the patient app d and 
ANAPHYLAXIS — INJ H. B. M.D. 
— 
of 0 | 
ere iratory infection. 
hiectaste four years previously, 
intramuscular injections of 
ult. She had received penicillin 
orally two 5 ＋ ago, but none s 
dose of 0.1 mg. of digitozin 
acu ill, with a temperature 
a normal. She was edentulous . 
in both lung fields. The i 
interspace, about I cm. outside 
apical rate was 100. The rhythm 
thrills. There was a Grade 2 sys 
blood pressure was 146/90. No 
was observed. The liver was not Nonfatal a 
units ef Wyeth’s Lentopen call it to 
Penicillin and Crystalline Peni the concern of the Food and 
in a l-ce. cartridge (this type of injec- that agency’s continued re 
aspiration of blood to see if a vein has been oe at a iption requi 
minutes she complained of an unpleasant uiring all — to add the following 
and a amps 2 in her chest radi- 2 
tgent dyspnea rapidly developed, followed - be injection of penicillin in rare cases 
epinephrine —4 anaphylaxis. The — Aker. to 
y vein. Ten other 
the pulse was improved in quality, and spre, Wit have previously demonstrated 
on 1 4 
by face mask. "Ten minutes afer the fet Care shoul be taken 
inephrine, she still of poor quality antihistamines and aminophylline, should 
— Ide rapidly 1 able for emergency intravenous administration. 
the heart rate was 120 on wnt 
pressure was 60 stolic, 30 diastoli be made with soluble penicillin with a concentration of 100 
nds improved. Moist rales persi units per cubic centimeter. If intradermal testing is not feasible 
patient reqained coneciousnese 8 or icillin_ administration is considered —— 
chest pain. She became intensely t intramuscular 
less and v She was given 0. 44222 appl 
ntramuscularly a 
| bsided. About two 

ocardial inf her — 

She was removed to the Winthrop Communi 3 

. quite restless, KS 

um phenobarbi RECEIVED 

muscularly. She relaxed and slept 

over the next forty-eight hours rose he following books is acknowledged, 

of infarction. poe Sap sivas the . Books that appear to be 
four the fever gradually will be reviewed as space permits. 
About thirty-six tion in regard to all listed books 
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. : Food- Allergy. Arthur F. Coca, M.D. 
cloth, Cth 21 illustrations. and 
films of the Illinois: Charles C Thomas, 1953. $10.50. 
lobectomy ma appearing since issue 
in 1945. References are carried as footnotes 
day she was and there are indexes of authors and 

te-cell count on should be in all collections on allergy. 
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„with 7 — Balti- 


The Permeability of Natural Membranes. Hugh Davson, D.Sc. 

nielli, D.Sc., Ph. D., A. R. I. C., professor of 
2 College, London. With 


This authoritative text was first published in 


out of print within a . This second edition is a i 
with a few minor additi Ir 
to the text; there is a good index, and the publishing is excellent. 
in the field of cell physiology should be in all 
collections on and physiology. 
The Basis of Clinical Neurology: The anatomy and physiology 
ine. 
with 126 ond 20 Baltimore: Willisme 28 
Wilkins, 1953. $7.00. 
This book, first in 1937, has 7 
Spanish. This new edition has been revised and 
brought to date since the publication of second edition 
and the publishing is excellent. The book be in 
collections on neurology 
General . By Adrien Ver Brugghen, 
fessor of neurologic surgery 
(Rush), University of Illinois om of Medicine, and neuro- 
ustrations. : Charles Thomas, 
1952. $14.00. 
This new book on neurosurgery was written primarily for the 
general whe fe to be the to on 
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Blood ing and Allied Problems: Transactions of the Fi The Story of the Adaptation : (Told in the form of i 

— 4 and 22, 1952, New York, roe Hon M. D., 

by Joseph E. Flynn, M.D., associate professor of ft DSc. (McGill), F-R.S. (Canada), and director, Institut 

thology, Columbia University College of Physicians and Sur- de Médecine et de Chirurgie imentales, Université de 

. 8°, cloth, 368 pr: with 148 illustrations. New York: Montréal. 8°, paper, 225 PP. with illustrations. Montreal, 
fosiah Macy, Jr. Foundation, 1952. $4.95. Canada: Acta, Incorporated, l 82. $4.50. 

i nt conference on the Or. Selye, in a series of seyen lectures, presents an informal, 
simplified explanation of his investigations and theories on 
— 3 =p stress and disease and the adaptation syndrome. 
hemorrhage, antithrom stin activity, nolysin and anti- 
fibrinolysin, and the synonymy of the nonprothrombin plasma 
factors. 
Edited by cloth, 197 pp. 368 pp. with 73 
M. Tanner. 8°, „ Wi illustrations. iversi 
Onford: Blackwell Scientific Publications’ 1953, $4.75. (Dis, University Press, 1952. 
tributed by Charles C Thomas, Springfield, Illinois.) 
This three-day conference was attended by 49 persons. The 
topics discussed included ignorance in anatomy and physiology, 
biochemistry, endocrinology and pharmacology, interaction 
tween the individual and culture, and studies of animal behavior. 
text concludes with an article Needs 
a ag pl There is a 6-page bibliogra and a good 
index. monograph should be in — on psychiatry 
and psychology. 
Textbook of Virology for Students and Practitioners of Medicine. 
By A. Rhodes F. R. C. P. (Edin.), — 4 associate, 
Connaught Medical Research — . — ol virus 
infections, School of Hygiene, University of Toronto, and virolo- 
Er a for Sick Children, Toronto; and C. E. van Rooyen, 
D., D.Sc. (Edin.), M.R.C.P. (Lond.), research member 
Connaught Medical Research 
virus infections, School of H 
Second edition. 8°, cloth, 561 17 
more: Williams and Wilkins, 1933. . 
The authors have revised this edition of 6 
— been extensively revised, and much material haa 
added, especially on the treatment of virus and rickettsial dis- 
eases and on — ae rocedures. Lists of selected 
references have been the chapters Ser the fiect time, and 
there is a good index. The book should be in all collections on 
the subject. 
2 : completely covered, injuries and diseases 
Ocstrogens and Neoplasia. By Harold Burrows and Eric S. and pathetic nervous system. 
Horning. With contributions uy W. C. J. Ross and C. W. The text throughout contains weedy er illustrating various 
Shoppee. S cloth, 189 pp. wi 42 tables and 59 illustrations. appended to the chapters, 
Springfield, Illinois: Charles C Thomas, 1952. $6.75. fo 
The authors discuss the relation of the estrogens and tumor 
formation, with emphasis on tumors, me | cancer, of the — 
to the text; there is a i a pu 
is excellent (the printing was done in Great Britain). The book 
should be in all collections on tumors. 
Hormonal and N. ic Cardiovascular Disorders: Endocrine 
and neuro-endocrine factors in pathogenesis ond treatment By 
Wilhelm Raab, M 1— ing 
head, Cardiovascular Res Unit, Fhoapital, ali 
Hospital, .— 4 Mary Fletcher 
ton, Vermont, Placid Memorial Hospital, Lab. Fl in 
New Vork. 
B Iti 2 2 — 

g ſor the of pointing out Friend of the People: The life of Dr. Peter Fayssoux of Charleston, 
"By Chaltnere g Davideou” cloth, 131 PP. 
cardioangiology. The text is divided 8 Columbia, South Carolina: Medical Association of South Carolina, 
mental cardiovascular effects of hormones and neurohormones; 1950. $2.75. 
cardiovascular features in endocrine and neuroendocrine A. . not, was a prominent physician and 
dromes; and endocrine and neuroendocrine factors in i patriot. e lived in Charleston, Sout Carolina, was surgeon- 
vascular syndromes. A comprehensive survey has been made general and chief physician of the Southern Hospital duri 
of the i t literature, and an extensive bibliography of the Revolution, first president of the Medical Acsociation of 
$726 titles concludes the text. There is a good inden, the South Carolina and an antifederalist, the States’ righters of 
book is well published. It should be in all medical libraries and their day. This — 12 should be in all collections 
in collections on endocrinology and cardiology. on biography, medical general. 
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Year Book Publishers, 2 3 $6.00. 
and the medical student covers the whole field of peychia 
from the development and growth of the 
the neuroses and psychoses to methods of treatment. Short 
lists of references are appended to the chapters, and there is an 
index. The publishing is good. 
NOTICES 


MIDDLESEX SOUTH DISTRICT MEDICAL SOCIETY 


HARTFORD MEDICAL SOCIETY PROGRAM 


‘The for the fall series of lectures, to be held at 8:30 
in the Hunt Memorial 38 Street, Hart- 


Connecticut, is presented below. All i 


4 Clini 1 bd 2 
Diabetes. Dr. Elliott P. Joslin, Boston. * 
November 2. Female Sex Hormones. Dr. Emil Novak, Balti- 
November 16. Angina Pectoris and Its Treatment. Dr. Herr- 
man L. Blumgart, Boston. 


der 21. of Medical Practice. Mr. 
December 21. Legal Aspects . Mr. Cyril 


Gastroenterological tion 
October 12-14. Immediately afterward (October 
Annual Course in Postgraduate Gastroenterology 


Officer tional Gastroen 
way, New York 23, New York. 


VAN METER PRIZE AWARD 


14914 Washington Avenue, Albany 10, New York. 


fellowships in the to 

are being by the tis and Rheumatism Foundation. 
Fellows will be granted at both the and 
doctoral levels. The p fellowships will range 
$1500 to $3000 per year, the postdoctoral from $3000 to $6000. 
Senior f ips i investigation will range from 
$6000 to $7500, tenable for five . Applications must be re- 
ceived before February 15, 19543: Further information may be 
obtai the Medical Director and 


ined from „ Arthritis 
Foundation, 23 West 45th Street, New York 36, New York. 


LICENSE FEE IN SOUTH DAKOTA 


An annual tion fee of $2, effective January 1, 1954, 
for licensees in has annou by the South 
Dakota Board of Medical and thic Examiners. Licenses 
to practice medicine in South Dakota may be maintained by 

yment of the to the South Dakota | of Medical 

miners, ational Bank Build Falls, 


ANNUAL PRIZE ESSAY 


P —— bmi 
must be submi 
1953. The paper wi i t 
annual meeting of 


not later than December 1, 


SOCIETY MEETINGS AND CONFERENCES 


22 18-21. — — 
a nical Neuroph 4. 
2). Nester Medical Nodes 


Sarraus 1. Fourth of Pan American Medical 
Women's Alliance. Pape 124, issue of Joly. 16. 
Octoser 4-9. A Academy of Page 1126, issue of 


8 7 17-20, American Association of Blood Banks. Page 1126, 
issue u 
Octosza 19-30. New York Academy of Medicine. Page xvii, issue of 


2 
Mav 3, 1954 American Urological Association. Page xvii, 


Second International Congress of Cardiology 
„ issue uly 
we ga Association. Annual Scien- 
Distaict Mepicat Sociztizs 
MIDDLESEX EAST 
Serrember 


OURNAL OF MEDICINE Aug. 6, 1953 
ted at the annual ing of the Association in Boston, 
April 29 through May 1, 1984. Further information may be 
ined from Dr. — Secretary, 
ARTHRITIS AND RHEUMATISM FOUNDATION 
FELLOWSHIPS 
nervous systems’ ‘That on the head, with 69 plates, compri 
. t on „ wi tes, comprises 
more than half the book. Comprehensive bibliographies are 
appended to the four sections. The —e excellent. This 
book should be in all reference collections on the nervous system. 
| 
t akota. 
AMERICAN DERMATOLOGICAL ASSOCIATION 
A series of — ſor Aar essays submitted for Roly 
work, not previously publis 

, i the Middlesex South District Medical 8 is offered the —— Dermatological iation. 
Aren Mount Auburn Hospital on eee 23, Pompetition is to scientists 
at 8 p.m. Dr. Samuel A. Levine will epeak on the subject “Some — 
Practical Points — * ” All will be presented > 
ite Sulphur Springs, April 13 to 17, 1954 Further informa. 

tion may be obtai from the Secretary of the American Der- 
matological Association. 
dially 
October 5. Present Status of Medical vs. Surgical Treatment 
of Thyrotoxicosis. Dr. George Crile, Cleveland. 
— $-Dscemsze 21. Hartford Medical Society Program. Notice 
— 12-14. National Gastroenterological Association. Notice 
above. 2 
r of July 18 International Congress of Pediatrics. Page 
3 — 25-29. American Institute of Dental Medicine. Page 124, 
issue 
NATIONAL GASTROENTEROLOGICAL New England Obstetrical and Gynecological Society. 
ASSOCIATION Novenbes 19 and 20. Iater-Society Cytology Council. Page 170, issue 
Annual Convention and Scientific Sessions of 6. American Academy of Dental Medicine 
Further information concerning the program and details of 
Course be obtained from the Executive 
— 
— a” Combined with the Auzili 
iliary. 
M Prize Award of $300 and two honorable men- * (Harlo — 
1 anus w 
Golter Association for the MIDDLESEX SOUTH 
best essays on original work on the thyroid gland. Essays must Szrremesa 23. ; 
be submitted before January 15, 1954. The award will be pre- (Notices concluded on pase xiii) 


